BEST AVAILABLE COPY 



Applicant : Lin Zhi et al. Attorney's Docket No.: 1 8202-018001 / 1082 

Serial No. : 10/080,503 Amendment After Final 

Filed : February 22, 2002 



REMARKS 

A check for $120 for the fee for a one-month extension of time accompanies this 
response. Any fees that may be due in connection with the filing of this paper or with this 
application may be charged to Deposit Account No. 06-1050. If a Petition for extension of 
time is needed, this paper is to be considered such Petition. Supporting art accompanies this 
response. 

Claims 1-9, 1 1-31, 37-40, 46, 49-51, 56-72, 75-77 and 108 are pending. Claims 10, 
41, 42 and 45 are cancelled herein without prejudice or disclaimer. Applicant reserves the 
right to file a continuation application directed to cancelled subject matter. Claims 1, 9, 29- 
31, 49-51, 58, 63^ 71, 72, 76 and 77 are amended herein to more distinctly claim the subject 
matter. Claims 1 and 58 are amended to define the substituents of the optionally substituted 
groups. Basis for the amendment is found throughout the specification (e.g., see page 1 1, line 
26 through page 12, line 9). Claims 1 and 58 also are amended to separate the substituents 
for variables X and Z. Claims 1, 9, 29-31, 49, 50, 58, 63, 71 and 72 are amended to cancel 
subject matter directed to substituents that when taken together form a carbocyclic or 
heterocyclic ring. Applicant reserves the right to file a continuation application directed to 
cancelled subject matter. Claims 51 and 76 are amended to more distinctly claim the 
substituents for X and Z. Basis for new claim 108 is found throughout the specification (for 
example, see pages 3-7 and original claim 1). No new matter is added. 

THE REJECTION OF CLAIMS 1-31, 37-42, 45, 46, 49-51, 58-72 AND 75-77 UNDER 
35 U.S.C. § 112, FIRST PARAGRAPH - Scope of Enablement 

Claims 1-31, 37-42, 45, 46, 49-51, 58-72 and 75-77 are rejected under 35 U.S.C. § 1 12, 
first paragraph as allegedly containing subject matter not described in the specification in such 
a way as to enable one of skill in the art to make and/or use the claimed subject matter. The 
Examiner states that the compound and pharmaceutical composition claims are only enabled in 
part because the instant claims include terms that allegedly are incompletely defined. The 
Examiner also alleges that it would require undue experimentation to practice the full scope of 
the claims. The Examiner alleges that "the scope is excessive in view of the disclosed 
exemplifications." Applicant respectfully traverses the rejection. 

RELEVANT LAW 

The test of enablement is whether one skilled in the art can make and use what is 
claimed based upon the disclosure in the application and information known to those of skill 
in the art without undue experimentation. United States v. Telectronics, Inc., 8 USPQ2d 
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1217 (Fed. Cir. 1988). A certain amount of experimentation is permissible as long as it is not 
undue. A patent application need not teach, and preferably omits, what is well known in the 
art. Spectra-Physics, Inc. v. Coherent , Inc., 3 USPQ2d 1737 (Fed. Cir. 1987). Indeed, "not 
everything necessary to practice the invention need be disclosed. In fact, what is well-known 
is best omitted." In re Buchner, 929 F.2d 660, 661, 18 U.S.P.Q.2d 1331, 1332. Showing 
every combination of substituents is unnecessary. 

A considerable amount of experimentation is permissible, particularly if it is routine 
experimentation. The amount of experimentation that is permissible depends upon a number 
of factors, which include: the quantity of experimentation necessary, the amount of direction 
or guidance presented, the presence or absence of working examples, the nature of the 
invention, the state of the prior art, the relative skill of those in the art, the predictability of 
the art, and the breadth of the claims. See, Ex parte Forman, 230 USPQ 546 (Bd. Pat. App. & 
Int'f 1986); see also In re Wands, 8 USPQ2d 1400 (Fed. Cir. 1988). 

THE CLAIMS 

Claim 1 is directed to a compound having the formula: 




where the substituents are as recited in the claims. Claims 2-9, 11-31, 37-40, 46 and 49-51 
ultimately depend from claim 1 and are directed to various embodiments thereof. 

Claim 58 is directed to a pharmaceutical composition that includes a pharmaceutically 
acceptable carrier and a compound of formula: 




where the substituents are as recited in the claims. Claims 59-72, 75 and 76 ultimately 
depend from claim 58 and are directed to various embodiments thereof. 
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ANALYSIS 

Applicant respectfully submits that the Examiner rejects claims 1-31, 37-42, 45, 46, 
49-51, 58-72 and 75-77 under 35 U.S.C. § 1 12, first paragraph on page 2 and on page 3 of the 
Office Action. Both rejections state that the claims are rejected because it is alleged that 
practicing the full scope of the claims requires undue experimentation. Applicant 
respectfully requests that the Examiner clarify the difference between the rejection on page 2 
and the rejection on page 3 of the Office Action so that Applicant can address the rejections 
with particularity. In order to be fully responsive, Applicant provides the following traverse. 

The In re Wands factors 

Applying the In re Wands factors to the instant facts reveals that the amount of 
experimentation is not undue. The analysis and arguments set forth in the previous responses 
of record are incorporated by reference herein. 

a. The scope of the claims. 

The pending claims recite compounds of Formula I and compositions thereof. The 

Examiner alleges that: 

The repeated use of the term "may be optionally substituted" without specifying the 
substituents implied thereby renders the breadth of the claim excessive because said 
term implies that the unnamed substituents is/are open to all possible alternatives. 

First, the pending claims do not include the recitation "may be optionally substituted." The 

pending claims include the recitation "optionally substituted." Further, as discussed above, 

claims must be read in view of the specification. See e.g., MPEP § 2106 ("An applicant is 

entitled to be his or her own lexicographer, and in many instances will provide an explicit 

definition for certain terms used in the claims. Where an explicit definition is provided by the 

applicant for a term, that definition will control interpretation of the term as it is used in the 

claim."); MPEP § 608.0 l(o) ("The meaning of every term used in any of the claims should be 

apparent from the descriptive portion of the specification"); MPEP § 2173.05 ("When the 

specification states the meaning that a term in the claims is intended to have, the claim is 

examined using that meaning in order to achieve a complete exploration of the applicant's 

invention and its relation to the prior art."). The term "optionally substituted" is expressly 

defined in the specification. Thus, the recitation "optionally substituted" does not imply "that 

the unnamed substituents is/are open to all possible alternatives" as alleged by the Examiner. 

Thus, reciting that definition in the claims is not necessary. Without a acquiescing to the 

Examiner's allegation and solely to expedite issuance of the application, independent claims 1 
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and 58 are amended herein to recite the substituents encompassed by the recitation "optionally 
substituted" in the claims. 

b. Nature of the Invention 

The specification provides a general description of non-steroidal compounds that are 
high-affinity, high-specificity agonists, partial agonists (i.e., partial activators and/or tissue- 
specific activators) and antagonists for androgen receptors (AR). The claimed subject matter 
is directed to androgen receptor modulator compounds and pharmaceutical compositions 
containing such compounds. 

The Examiner states that the nature of the invention "includes a method of testing, a 
method of purification and a vast number of medicinal treatment[s] wherein compounds of 
instant claim 1 are administered to a host in need of such treatment." Applicant respectfully 
submits that the pending claims are directed to compounds as recited in the claims and to 
pharmaceutical compositions thereof. There currently are no method claims pending. 

c. State of the Prior Art 

Applicant respectfully submits that, at the time of the priority application, the 

mechanism of action of the intracellular receptors and the effects of small molecule agonists, 

antagonist or partial agonists on IR-mediated transcription modulation was well known to the 

skilled artisan (for example, see Rosen et al. (J. Med. Chem., 1995, vol. 38, No. 25, pp 4855- 

4874, a copy of which is provided herein). Androgen receptor agonist compounds and their 

use as therapeutic agents also was known to those skilled in the medical arts. For example, 

Rosen et al. provides an overview of diseases and conditions that share mediation by androgen 

receptors as an underlying etiology. For example, Rosen et al. recites on page 4862: 

"Androgens are synthesized in the testes, adrenal cortex, and ovaries. The net 
effect of endogenous androgens reflects the combined actions of the secreted 
hormone, testosterone; its 5a-reduced metabolite, dihydrotestosterone; and its 
estrogenic derivative, estradiol. Androgens serve different functions at different 
stages of male development and have clear therapeutic uses in the treatment of 
hypogonadism, growth retardation, breast carcinoma, and osteoporosis. The 
actions of androgens are mediated through AR." 

Applicant also submits that at the time of the priority application, androgen receptor 
agonist compounds were either in clinical trials or were available to the public for the 
treatment of hypogonadism, metastatic breast cancer, anemias, as anabolic agents and for the 
treatment of other diseases or conditions. For example, Testoderm®, a testosterone 
transdermal patch, was approved in the U.S. in 1993 for hormone replacement therapy in 
hypogonadal men. Androderm®, also a transdermal testosterone patch, was approved in the 
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U.S. in 1995 for the treatment of hypogonadism. Testred®, which contains the AR agonist 

methyltestosterone, was approved in the U.S. in 1973 for hormone replacement therapy in 

hypogonadal men as well as for the treatment of metastatic breast cancer in women. 

Anadrol®-50, which contains the AR agonist oxymetholone, was approved in the U.S. in 

1972 and is used in the treatment of anemias caused by deficient red cell production. It also 

is well known that testosterone, the native androgen and AR agonist, is an anabolic agent. 

Therefore, it was well known in the prior art at the time of filing the original application that 

androgen receptor agonist compounds and compositions that include AR agonist compounds 

are useful in male hormone replacement therapy, in stimulation of hematopoiesis, as anabolic 

agents, and in the treatment of wasting diseases, hypogonadism and breast cancer. 

Applicant also respectfully submits that, at the time of filing the priority application, 

the use of androgen receptor antagonists as therapeutic agents was known to those skilled in 

the medical arts. For example, Singh et aL, teaches that androgen receptor antagonists are 

useful for treating prostate cancer, acne, seborrhea, hirsuitism and androgenic alopecia (Singh 

et a/., Current Medicianl Chemistry 7: 21 1-247 (2000)). Rosen et al. (J. Med. Chem., 1995, 

vol. 38, No. 25, pp 4855-4874) also provides an overview of diseases and conditions that 

share an etiology of being mediated by androgen receptor antagonists. For example, Rosen et 

al recites on page 4862: 

"Compounds that block the action or synthesis of androgens have proven useful 
in treatment of diseases such as prostate cancer, prostatic hypertrophy, hirsutism, 
male pattern baldness, and acne. Among the most potent orally active anti- 
androgens is cyproterone acetate. This compound possesses progestational 
activity and suppresses the secretion of gonadotrphins, both of which are 
unwanted side effects. Other anti-androgens include flutamide, a prodrug for the 
active metabolite, 2-hydroxyflutamide, casodex, and an analogue of nilutamide." 

Applicant also submits that at the time of filing the instant application, several 

androgen receptor antagonist compounds were either in clinical trials or were available to the 

public for the treatment of the diseases or conditions listed above. For example, Eulexin®, 

which contains the androgen receptor antagonist flutamide, was approved in the U.S. in 1989 

for the treatment of prostate cancer. Casodex® (bicalutamide), an androgen receptor 

antagonist, was approved in 1995 for the treatment of prostate cancer. The AR antagonist 

cyproterone acetate was approved for use in Europe as early as 1978 for the treatment of 

female acne and hirsutism (Gruber et al., Arch Dermatol 134: 459-463 (1998), Venturoli et 

al, J Clin Endocrinology & Metabolism 84(4): 1304-1310 (1999)). 
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In addition, a number of methods and assays for identifying agonists, partial agonists 
or antagonists of the steroid receptors was known at the time of filing the original application. 
For example, Berger et aL teaches a co-transfection assay (Berger et al., J. Steroid Biochem. 
Molec. Biol. 41 : 773 (1 992)). Berger et al teaches that activity in the co-transfection assay 
correlates very well with known in vivo activity, such that the co-transfection assay functions 
as a qualitative and quantitative predictor of a tested compounds in vivo pharmacology. 

Thus, at the time of filing of the instant application, a broad body of knowledge had 
amassed in the areas of pharmaceutical sciences, medicine, and biochemistry directed to 
compounds that agonize or antagonize the steroid receptors, including androgen receptors, 
and to the use of compounds that agonize or antagonize the steroid receptors, such as 
androgen receptors, for treatment of diseases and conditions, 
d. Level of Skill in the Art 

As the Examiner noted, the skill in the art of chemical synthesis is high. That skill, 
together with the instant specification, including cited and incorporated references, allow the 
skilled artisan to make any and all of the claimed compounds. The Examiner states that "the 
level of skill in the medicinal arts is moderate because it is unclear which if any of the 
compounds disclosed herein are active against one or more specific disease conditions." 
Applicants respectfully disagree. The level of skill in the medical arts is independent of the 
issues. The skill of the medical practitioner does not vary. 

Applicant respectfully submits that the level of skill in the medical arts is high. This 
is evidenced by the art in this area, which is authored primarily by those with Ph.D. and M.D. 
degrees and is intended for an audience of similarly highly skilled individuals, primarily in 
the fields of biochemical, pharmaceutical, or medical arts. The numerous articles and patents 
made of record in this application, authored and reviewed by those known in the art, address 
a highly skilled audience, and further evidence the high level of skill in this art. Therefore, 
the amount of disclosure required to meet the enablement requirement is minimal. 

With respect to the rejection, it is respectfully submitted that no evidence is provided 

to support the Examiner's position that "the level of skill in the medicinal arts is moderate 

because it is unclear which if any of the compounds disclosed herein are active against one or 

more specific disease conditions." The Examiner is reminded that MPEP 2144.03 states: 

The Examiner may take official notice of facts outside of the record which are 
capable of instant and unquestionable demonstration as being "well- known" 
in the art. In re Ahlert, 424 F.2d 1088, 1091, 165 USPQ 418, 420 (CCPA 
1970) 
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The facts of which the Examiner is taking notice are conclusory and are not capable of instant 

and unquestionable demonstration as being "well-known" in the art. MPEP 2144.03 continues: 

If justified, the examiner should not be obliged to spend time to produce 
documentary proof. If the knowledge is of such notorious character that 
official notice can be taken, it is sufficient so to state. In re Malcolm, 129 F.2d 
529, 54 USPQ 235 (CCPA 1942). If the applicant traverses such an assertion 
the examiner should cite a reference in support of his or her position. 

If this position is maintained, the Examiner must provide a reference supporting this position, 
e. Predictability of the Art 

The Examiner alleges that the level of predictability in the art is indeterminate because 
it allegedly is not clear which compounds are active as androgen receptor agonists or 
antagonists. Applicant respectfully disagrees. 

The instant application provides detailed teachings of in vitro and in vivo assays that 
allow one of skill in the art to test the compounds as instantly claimed for androgen receptor 
activity. The instant application, for example pages 110-114, provides a highly detailed 
teaching of in vitro assays, such as the "cis-trans" or "co-transfection" assay. Table 1 on page 
1 15 of the specification provides in vitro binding data of exemplary compounds disclosed in 
the instant application that exhibit androgen receptor agonist activity, partial agonist activity, or 
antagonist activity. These assays are known in the art (see Evans et a/., Science 240: 889-95 
(1988) and correlate well with in vivo activity and can function as a qualitative and quantitative 
predictor of a tested compounds in vivo pharmacology (Berger et al., J. Steroid Biochem. 
Molec. Biol. 41 : 773 (1992)). The data indicates that all of the exemplary compounds possess 
androgen receptor agonist, partial agonist or antagonist activity. 

The compounds of the instant application are further characterized for their specificity 
for the androgen receptor by examining the in vitro binding activity with other members of the 
steroid receptors. Table 2 on page 1 16 provides binding data for exemplary compounds 
disclosed in the instant application with the androgen, progesterone, estrogen, glucocorticoid 
and mineralcorticoid receptors. As noted above, the androgen receptor agonist activity or 
antagonist activity shown in the in vitro assays correlates very well with in vivo activity. Once 
the androgen receptor activity of the compounds have been established, the application of those 
compounds to the treatment of any diseases responsive to androgen receptor agonists or 
antagonists, as discussed above, is well within the routine skills of those skilled in the art 
through reference to the present specification as well as the general and specialized knowledge 
of those working in this recognized field. Further, formulating such compounds into a 
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pharmaceutical composition and administration of such compositions to a subject is well 

known in the medical arts. 

f. The amount of direction or guidance presented and the presence of 
working examples 

The Examiner admits that the specification discloses 150 exemplary compounds that 
are precursors, intermediates or final products of the claimed compounds. The specification 
also teaches seven generic synthesis schemes (for example, see page 33, 35, 37, 38, 39, 41 
and 42). The application names over 150 exemplary AR modulator compounds (for example, 
see page 29 through 32 and claims 56 and 57). The specification also provides over 50 
working examples and two screening assays. It is respectfully submitted that the direction 
provided by the specification is sufficient to allow one of skill in the art to synthesize, test 
and administer any and all compounds of the claimed subject matter. Modification of the 
reaction conditions or choice of starting materials is routine and within the scope of the 
teachings in the application and knowledge of one of skill in the art. 

For example, Scheme I outlines the synthesis of 5-hydroxy-6-bromo-quinoline compounds 
6 starting from a phenylenediamine derivative, for example, 5-chloro-l,3-phenylenediamine. 
Other phenylenediamine derivatives also can be used in the synthetic sequence outlined in Scheme 
I. For example, use of 5-chloro-l,4-phenylenediamine as the starting material in Scheme I results 
in the synthesis of 6-hydroxy-5-bromo-quinoline compounds. 

Schemes III and V outline the synthesis of 7-nitro-l,4-benzoxazine compounds, 
which begin with the chemo- and regioselective N-alkylation of an amino alcohol onto a 3,4- 
dihalonitrobenzene, such as, for example, 3,4-difluoronitrobenzene. One of skill in the art 
would recognize that selective protection of the nitrogen atom of the aminoalcohol 13, with, 
for example, di-tert-butyl dicarbonate, prior to reaction with 3,4-difluoronitrobenzene would 
result in the reaction of the alcohol moiety of the aminoalcohol at the 4-position of 3,4- 
difluoronitrobenzene. Removal of the protecting group on the nitrogen, with, for example, 
acid, followed by treatment with base would provide 6-nitro-l,4-benzoxazine compounds, 
which are regioisomers of structures 15 and 24. 

Scheme VI outlines a racemic route to 7-nitro- 1 ,4-benzoxazine compounds 24 that 
begins with the jV-alkylation of a 2-amino-5-nitrophenol by treatment with an aldehyde, its 
corresponding hydrate or hemiacetal, in the presence of a reducing agent, for example, sodium 
cyanoborohydride. However, use of a 2-amino-4-nitrophenol derivative as the starting 
material, instead of 2-amino-5-nitrophenol as depicted in Scheme VI, would provide 6-nitro- 
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1 ,4-benzoxazine compounds. 6-Nitro-l ,4-benzoxazine compounds are regioisomers of 
compounds of structure 24. One of skill in the art can readily follow these schemes or known 
variations of such schemes with any of a vast number of commonly available starting materials 
to arrive at the claimed subject matter. The art of chemical synthesis is predictable and is 
dictated by recognized chemical reactions and constraints. There is nothing of record to 
suggest that production or use of any of the claimed compounds or compositions would require 
development of new procedures or excessive experimentation. Organic synthesis methods 
have been used for decades. Hence, any experimentation would be routine to the skilled 
artisan. Therefore, in view of the teachings of the specification, in combination with what was 
known at the time the priority application was filed, Applicant respectfully submits that the 
claimed compounds can be prepared predictably using the methods disclosed in the 
specification or that are known to those skilled in this art. 

Similarly, one of skill in the art can assess the activity of any of the claimed compounds 
using the binding assay or the co-transfection assay, both of which are disclosed in the 
specification, though one of skill in the art can assess compounds using other known assays. 
Various screening assays for assessing the ability of a compound or composition to modulate 
the transcriptional ability of intracellular receptors are known to those of skill in the art, such as 
those described in U.S. Pat. Nos. 4,981,784, 5,071,773, 5,298,429, and 5,506,102 and in 
WO89/05355, WO91/06677, WO92/05447, W093/1 1235, W093/23431, WO94/23068, 
WO95/18380 and CA 2,034,220. Further, formulating such compounds into a pharmaceutical 
composition and administration of such compositions to a subject is well know in the medical 
arts. Thus, preparation and administration of pharmaceutical compounds also is predictable. 
Finally, administration of compounds is routine to one of skill in the medical arts. Thus, it is 
respectfully submitted that the direction provided by the specification is sufficient to allow one 
of skill in the art to synthesize, test and administer any and all compounds of the claimed 
subject matter. Therefore, Applicant respectfully submits that one skilled in the art can make 
and use what is claimed based upon the disclosure in the application and information known to 
those of skill in the art without undue experimentation. 

g. The amount of experimentation required 

There is nothing of record to suggest that production or use of any of the claimed 
compounds or compositions would require development of new procedures or excessive 
experimentation. Organic synthesis methods have been used for decades. As discussed 
above, bioassays for evaluating whether compounds are functional ligands for receptor 
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proteins were known in the art since at least 1991 . Such assays are routine in this art and do 
not require excessive experimentation. Applicant notes that "a considerable amount of 
experimentation is permissible, if it is merely routine . . ." In re Wands 858 F.3d 731, 737 
(Fed Cir. 1988). 

CONCLUSION 

In light of the scope of the claims, the nature of the claimed subject matter, the state of 
the prior art, the high level of skill of those in this art, the predictability of the art, the amount 
of direction and guidance presented in the specification, the presence of over 50 working 
examples, the low amount of experimentation required and the fact that any required 
experimentation is routine, Applicant respectfully submits that it would not require undue 
experimentation for a person skilled in the art to make and use the claimed compounds and 
compositions. Therefore, the specification is enabling for making and using the full scope of 
the claimed subject matter. Applicant respectfully requests that the rejection be reconsidered 
and withdrawn. 

REBUTTAL TO THE EXAMINER'S ARGUMENTS 
1. "Disclosed Exemplifications" 

The Examiner alleges that the scope is excessive in view of the "disclosed 
exemplifications." Applicant respectfully disagrees. The specification discloses androgen 
receptor modulator compounds, pharmaceutical compositions containing such compounds as 
well as methods of using such compounds and pharmaceutical compositions for modulating 
processes mediated by steroid receptors. The application discloses methods of making such 
compounds and pharmaceutical compositions, as well as intermediates used in their synthesis. 
The specification describes seven generic synthesis schemes (for example, see page 33, 35, 37, 
38, 39, 41 and 42). One of skill in the art can readily follow these schemes or known variations 
of such schemes with any of a vast number of commonly available starting materials to arrive at 
the claimed subject matter. The application names over 150 exemplary AR modulator 
compounds (for example, see page 29 through 32 and claims 56 and 57. The specification also 
provides over 50 working examples. The application teaches in vitro assays, such as the "cis- 
trans" or "co-transfection" assay, for characterizing exemplary AR modulator compounds. The 
specification provides in vitro binding data of exemplary compounds disclosed in the instant 
application that exhibit androgen receptor agonist activity, partial agonist activity, or antagonist 
activity. The compounds of the instant application are further characterized for their specificity 
for the androgen receptor by examining the in vitro binding activity with other members of the 
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steroid receptors. Hence the specification provides a variety of examples of compounds that fall 

within the scope of the claims evidencing that the claimed compounds function as claimed. The 

requirements of 35 U.S.C. §112, first paragraph, do not require a specific example of everything 

within the scope of the claims. In re Anderson, 176 USPQ 331, 333 (CCPA 1973) : 

...we do not regard section 112, first paragraph, as requiring a specific example of 
everything within the scope of a broad claim . . . What the Patent Office is here 
apparently attempting is to limit all claims to the specific examples, not 
withstanding the disclosure of a broader invention. This it may not do. 

In re Grimme, Keil and Schmitz, 124 USPQ 449, 502 (CCPA 1960) : 

It is manifestly impracticable for an applicant who discloses a generic invention to 
give an example of every species falling within it, or even to name every such species. 
It is sufficient if the disclosure teaches those skilled in the art what the invention is 
and how to practice it. 

Hence there is no requirement for the applicant to exemplify or even provide an 
example of everything within the scope of the claims. The Patent Office cannot "limit all 
claims to the specific examples, notwithstanding the disclosure of a broader invention." A 
patentee's invention may be broader than the particular embodiment shown in the 
specification. A patentee not only is entitled to narrow claims particularly directed to the 
preferred embodiment, but also to broad claims that define the invention without a reference to 
specific instrumentalities. Smith v. Snow, 294 U.S. 1, 1 1, 24 USPQ 26, 30 (1935). Applicant 
is entitled to claims that are commensurate in scope not only with what applicant has 
specifically exemplified, but commensurate in scope with that which one of skill in the art 
could obtain by virtue of that which the applicant has disclosed. 

2. "Defined by the Prior Art" 

In the present Action, the Examiner alleges that "the state of the prior art is defined by 
the prior art presently cited by the Applicant and by Examiner and particularly by PTO-892 
references F and G wherein anticipatory compounds and compositions have been disclosed." 
Applicant respectfully disagrees. The prior art is replete with references that show that the 
skilled artisan can use known organic synthesis schemes and reactions to produce various 
bicyclic, tricyclic and polycyclic organic compounds, including, for example, quinolines, 
quinolinones, coumarins, benzoxyzins, oxazolidines, azasteroids, progesterones, azachlor- 
madinones, anthrasteroids, flutamides and phthalimides, and that the art of record teaches 
bioassays for evaluating whether compounds are functional ligands for receptor proteins and 
correlates the activity of ligands in such assays to in vivo activity {e.g., see Evans et al. (US 
Pat. Nos. 4,981,784 and 5,071,773 and Science 240:889-95 (1988)). 
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Applicant disagrees that "the state of the prior art is defined by the prior art presently 
cited by applicant and by examiner." Applicant is not aware of such a definition and 
respectfully requests that the Examiner cite authority. 

3. Alleged Anticipatory Prior Art 

In the present Action, the Examiner alleges that certain references are anticipatory prior 
art (Action at page 4, which states that PTO-892 references F and G disclose anticipatory 
compounds and compositions). Reference F is US 6,030,967 (2/29/00) to Mauri et al and 
Reference G is US 6,340,704 (1/22/02) to Mauri et al Applicant respectfully submits that the 
Examiner has not rejected any of the claims under 35 U.S.C. § 102(b) as anticipated by either 
US Pat. Nos. 6,030,967 or 6,340,704. Applicant respectfully submits that neither US Pat. No. 
6,030,967 nor US Pat. No. 6,340,704 discloses compounds as instantly claimed nor 
compositions thereof. 

For example, US Pat. No. 6,030,967 discloses compounds having the formula: 




where Q is an optionally substituted carbon atom or N(0) p wherein p is 0 or 1 ; Y is an 
optionally substituted methylene group, S(0) q wherein q is an integer of 0 to 2, or an optionally 
substituted imino group; Z 1 is a Ci_ 3 alkylene group which can have an oxo group or a thioxo 
group and can contain etherified oxygen or sulfur within the carbon chain; Z 2 is an optionally 
substituted Cj- 3 alkylene group; Ar is an optionally substituted carbocyclic group or an 
optionally substituted heterocyclic group; one of R 1 and R 2 is a hydrogen atom, a halogen 
atom, a hydroxyl group, an optionally substituted lower alkyl group, or an optionally 
substituted lower alkoxy group; the other is a halogen atom, a hydroxyl group, an optionally 
substituted lower alkyl group, or an optionally substituted lower alkoxy group; or R.sup. 1 and 
R.sup. 2 taken together with adjacent -c=c- form a ring; and ring ,4 is a benzene ring which may 
be substituted in addition to R 1 and R 2 ; or a salt thereof. 

US Pat. No. 6,340,704 discloses compounds having the formula: 
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where R 1 is an amino group that may be substituted, R 2 is a hydrogen atom or a lower alkyl 
group that may be substituted; X is a methane group that may be substituted or N(0) m (m is 0 
or 1); ring A is a homo- or hetero-cycle that is substituted by a halogen atom, lower alkyl, 
lower alkoxy or lower alkylenedioxy group, and ring B is a homo- or hetero-cycle that may 
be substituted. 

Neither US Pat. No. 6,030,967 nor US Pat. No. 6,340,704 discloses compounds or 
compositions as instantly claimed, such as those that have the structure set forth as formula I 




and defined in the instant claims. Applicant also respectfully submits that the Office Action is 
internally inconsistent. At Paragraph C on Page 4 of the Action the Examiner alleges that 
PTO-892 References F and G disclose anticipatory compounds and compositions, while in 
Paragraph D on Page 4 of the Action, the Examiner states that these references disclose "many 
compounds very closely analogous to the instant claimed compounds." Further, on page 6 of 
the Action, the Examiner states that "claims 1-31, 37-42, 45, 46, 49-51, 58-72 and 75-77 would 
be allowable if rewritten or amended to overcome the rejection under 35 U.S.C. 112" (see last 
sentence on page 6). Thus, it appears that the Examiner is mistaken when he states on page 4 
of the Action that US Pat. No. 6,030,967 and US Pat. No. 6,340,704 disclose anticipatory 
compounds and compositions. In order to clarify the record of the instant prosecution history, 
Applicant respectfully requests that the Examiner withdraw the statement that US Pat. No. 
6,030,967 and US Pat. No. 6,340,704 disclose anticipatory compounds and compositions. 

4. The instant claims include terms that allegedly are incompletely defined 

The Examiner alleges that the compounds and pharmaceutical composition claims are 
enabled only in part because the instant claims include terms that allegedly are incompletely 
defined. The prior Office Action raised this issue under 35 U.S.C. § 1 12, second paragraph, and 
it has not been maintained in the instant Action. Thus, it appears that the rejection under 35 
U.S.C. § 1 12, second paragraph has been withdrawn. Notwithstanding this, in order to be fully 
responsive, Applicant respectfully traverses the rejection. 



-34- 



Applicant 
Serial No. 
Filed 



Lin Zhi et al. 
10/080,503 
February 22, 2002 



Attorney's Docket No.: 18202-018001 / 1082 
Amendment After Final 



a. aryl 

The Examiner alleges that the term "aryl" is incompletely defined because "said terms 
typically i) lack any upper bounds as to size." Applicant respectfully disagrees. 

It is respectfully submitted that the specification specifically defines the term "aryl." 

For example, page 9, line 26 through page 10, line 5, recites: 

The term "aryl," alone or in combination, refers to an optionally substituted 
aromatic ring system. The term aryl includes monocyclic aromatic rings, 
polyaromatic rings and polycyclic aromatic ring systems containing from six to 
about twenty carbon atoms. The term aryl also includes monocyclic aromatic 
rings, polyaromatic rings and polycyclic ring systems containing from 6 to about 
12 carbon atoms, as well as those containing from 6 to about 10 carbon atoms. 
The polyaromatic and polycyclic aromatic rings systems may contain from two to 
four rings. Examples of aryl groups include, without limitation, phenyl, biphenyl, 
naphthyl and anthryl ring systems. 

This definition includes upper bounds as to size. Applicant respectfully submits that claims 

must be read in view of the specification. See, e.g., MPEP § 2106 ("An applicant is entitled to 

be his or her own lexicographer, and in many instances will provide an explicit definition for 

certain terms used in the claims. Where an explicit definition is provided by the applicant for a 

term, that definition will control interpretation of the term as it is used in the claim."); MPEP 

§ 2173.05 ("When the specification states the meaning that a term in the claims is intended to 

have, the claim is examined using that meaning in order to achieve a complete exploration of 

the applicant's invention and its relation to the prior art."). The term "aryl" is expressly 

defined in the specification, and the definition recites specifics that the Examiner alleges to be 

missing ("bounds as to size"). Thus, the term "aryl" is not incompletely defined. Therefore, 

reciting the definition for "aryl" in the claims is not necessary. 

b. arylalkvl 

The Examiner alleges that the term "arylalkyl" is incompletely defined because "said 

terms typically i) lack any upper bounds as to size." Applicant respectfully disagrees. The term 

"arylalkyl" is defined in the specification. For example, see page 11, lines 9-11, which recites: 

The term "arylalkyl," alone or in combination, refers to an alkyl radical as defined 
above in which one hydrogen atom is replaced by an aryl radical as defined 
above, such as, for example, benzyl, 2-phenylethyl and the like. 

The term "arylalkyl" is expressly defined in the specification, and references the terms 

"alkyl" and "aryl." As discussed above, the specification defines the recitation "aryl" {e.g., 

see page 9, line 26 through page 10, line 5). In addition, the specification defines the 

recitation "alkyl" {e.g., see page 8, lines 13-18): 
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an optionally substituted straight-chain or branched-chain alkyl radical having 
from 1 to about 1 2 carbon atoms. The term also includes substituted straight- 
chain or branched-chain alkyl radicals having from 1 to about 6 carbon atoms as 
well as those having from 1 to about 4 carbon atoms. Examples of alkyl radicals 
include methyl, ethyl, w-propyl, isopropyl, rc-butyl, isobutyl, sec-butyl, tert-butyl, 
terf-amyl, pentyl, hexyl, heptyl, octyl and the like. 

The definitions provided in the specification for the terms "alkyl" and "aryl" recites the "upper 

bounds as to size" that the Examiner alleges to be missing. Thus, one of skill in the art would 

be apprised of the metes and bounds of the term "arylalkyl" when read in light of the 

specification. Therefore, reciting the definition for "arylalkyl" in the claims is not necessary. 

c. heteroaryl 

The Examiner alleges that the term "heteroaryl" is incompletely defined because: 

said terms typically 

i) lack any upper bounds as to size, 

and when heteroatoms are suggests said terms 

ii) fail to define which hetero atoms are to be selected from 

iii) the number of said heteroatoms, or 

iv) the location(s) or the ring system(s) containing said heteroatom(s) and 

v) because a proper definition of "optionally substituted" is not present in any 

independent claim. 

Applicant respectfully submits that the specification defines the recitation "heteroaryl" 

{e.g., see page 10, lines 6-19): 

optionally substituted aromatic ring systems containing from about five to about 
20 skeletal ring atoms and having one or more heteroatoms such as, for example, 
oxygen, nitrogen and sulfur. The term heteroaryl also includes optionally 
substituted aromatic ring systems having from 5 to about 12 skeletal ring atoms, 
as well as those having from 5 to about 10 skeletal ring atoms. The term 
heteroaryl may include five- or six-membered heterocyclic rings, polycyclic 
heteroaromatic ring systems and polyheteroaromatic ring systems where the ring 
system has two, three or four rings. The terms heterocyclic, polycyclic 
heteroaromatic and polyheteroaromatic include ring systems containing optionally 
substituted heteroaromatic rings having more than one heteroatom as described 
above {e.g., a six membered ring with two nitrogens), including polyheterocyclic 
ring systems of from two to four rings. The term heteroaryl includes ring systems 
such as, for example, furanyl, benzofuranyl, chromenyl, pyridyl, pyrrolyl, indolyl, 
quinolinyl, N-alkyl pyrrolyl, pyridyl -N-oxide, pyrimidoyl, pyrazinyl, imidazolyl, 
pyrazolyl, oxazolyl, benzothiophenyl, purinyl, indolizinyl, thienyl and the like. 

The definition set forth in the specification for the term "heteroaryl" recites the "upper bounds as 

to size" that the Examiner alleges to be missing. The definition also states that the rings include 

one or more heteroatoms, such as oxygen, nitrogen and sulfur. Thus, Applicant respectfully 

submits that one of skill in the art, in light of what is known in the art and the teachings of the 
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specification, would understand what is meant by the recitation "heteroaryl" and would be able 
to determine the metes and bounds of the claims. Thus, reciting the definition for "heteroaryl" in 
the claims is not necessary. 

d. "optionally substituted" 

The term "optionally substituted" is defined in the specification at page 11, line 26 to page 

12, line 9, which states: 

"Optionally substituted" groups may be substituted or unsubstituted. The 
substituents of an "optionally substituted" group may include, without limitation, 
one or more substituents independently selected from the following groups or 
designated subsets thereof: alkyl, alkenyl, alkynyl, heteroalkyl, haloalkyl, 
haloalkenyl, haloalkynyl, cycloalkyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl, 
alkoxy, aryloxy, haloalkoxy, amino, alkylamino, dialkylamino, alkylthio, arylthio, 
heteroarylthio, oxo, carboxyesters, carboxamido, acyloxy, hydrogen, F, CI, Br, I, 
CN, N0 2 , NH 2 , N 3 , NHCH 3 , N(CH 3 ) 2 , SH, SCH 3 , OH, OCH 3 , OCF 3 , CH 3 , CF 3 , 
C(0)CH 3 , C0 2 CH 3 , C0 2 H, C(0)NH 2 , OR 9 , SR 9 and NR 10 R n . An optionally 
substituted group may be unsubstituted (e.g., -CH 2 CH 3 ), fully substituted (e.g., - 
CF 2 CF 3 ), monosubstituted (e.g., -CH 2 CH 2 F) or substituted at a level anywhere in- 
between fully substituted and monosubstituted (e.g., -CH 2 CF 3 ). 

Thus, the recitation "optionally substituted" does not imply "that the unnamed substituents is/are 

open to all possible alternatives" as alleged by the Examiner. As discussed above, claims must 

be read in view of the specification. Where an explicit definition is provided by the applicant for 

a term, that definition will control interpretation of the term as it is used in the claim. The term 

"optionally substituted" is expressly defined in the specification. Thus, reciting that definition in 

the claims is not necessary. 

Furthermore, the USPTO recognizes the use of this term in patent claims. A search of 
the USPTO database for the time period 1 976 to present for patents with the recitation 
"optionally substituted" in the claims yielded 22,359 patents. While applicant realizes that 
the prosecution history of one patent is not relevant to another, the widespread use of the 
recitation "optionally substituted" in claims evidences that one of skill in the art understands 
the meaning of this term. 

Notwithstanding the above, without acquiescing to the Examiner's allegation and solely 
to expedite issuance of the application, independent claims 1 and 58 are amended herein to 
recite the substituents encompassed by the recitation "optionally substituted" in the claims. 

5. Spiro structures 

The Examiner alleges that no heterocyclic or homocyclic spiro examples are included 
in any of the synthetic schemes or any of the specific compounds in the application. 



-37- 



Applicant : Lin Zhi et al. 
Serial No. : 10/080,503 
Filed : February 22, 2002 



Attorney's Docket No.: 18202-018001 / 1082 
Amendment After Final 



Without a acquiescing to the Examiner's allegation and solely to expedite prosecution, 
claim 10 is cancelled herein without prejudice or disclaimer and claims 1, 9, 29-31, 49, 50, 58, 
63, 71 and 72 are amended to delete recitations where two particular substituents together form 
a carbocyclic or heterocyclic ring. Thus, the rejection is moot. Applicant expressly reserves 
the right to pursue the cancelled subject matter in a continuing application. 

6. The definitions of variables X and Z 

The Examiner suggests that the definitions of variables "X" and "Z" should be 
separated. Without a acquiescing to the Examiner's allegation and solely to expedite 
prosecution and advance the application to issuance, claims 1 and 58 are amended herein to 
define the variables "X" and "Z" separately. 

REJECTION OF CLAIMS 1-7, 9, 11-18, 20-25, 27-30, 49, 58, 60-62, 64-71, 73 
AND 74 UNDER 35 U.S.C. §112, SECOND PARAGRAPH 

Claims 1-7, 9, 11-18, 20-25, 27-30, 49, 58, 60-62, 64-71, 73 and 74 are rejected under 
35 U.S.C. 112, second paragraph, as being indefinite for failing to particularly point out and 
distinctly claim the subject matter that applicant regards as the invention because the 
Examiner alleges that the recitation "optionally substituted" fails "to specify the substituents 
implied thereby." The Examiner also alleges that the definition for "optionally substituted" 
in the specification is "inadequate because the definition fails to meet the requirements of the 
statute for a variety of reasons noted in examiner's response following a previous rejection." 

Applicant respectfully traverses the bases for the rejection in turn below. 

RELEVANT LAW 

Claims are not read in a vacuum but instead are considered in light of the specification 
and the general understanding of the skilled artisan. Rosemount Inc. v. Beckman Instruments, 
Inc., 727 F.2d 1540, 1547, 221 USPQ 1, 7 (Fed. Cir. 1984). Claim language is satisfactory if it 
reasonably apprises those of skill in the art of the bounds of the claimed invention and is as 
precise as the subject matter permits. Shatterproof Glass Corp. v. Libby-Owens Ford Col., 758 
F.2d 613, 624, 225 USPQ 634, 641 (Fed. Cir.), cert, dismissed, 106 S.Ct. 340 (1985). 

ANALYSIS 

"Optionally substituted" 

As discussed above, the term "optionally substituted" is defined in the specification 
(e.g., see page 11, line 26 to page 12, line 9). Claims must be read in view of the specification. 
Where an explicit definition is provided by the applicant for a term, that definition will control 
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interpretation of the term as it is used in the claim (see e.g., MPEP § 2106). The term 
"optionally substituted" is defined in the specification and thus that definition will control 
interpretation of the claim. Thus, reciting the definition in the claims is not necessary. 

Notwithstanding this, without a acquiescing to the Examiner's allegation and solely to 
expedite issuance of the application, independent claims 1 and 58 are amended herein to 
recite the substituents encompassed by the recitation "optionally substituted" in the claims. 

Alleged "Inadequate" Definition 

The Examiner does not distinctly recite the alleged deficiencies in the definition for 
the recitation "optionally substituted" provided in the specification. Applicant respectfully 
requests that the Examiner restate the rejection with particularity to afford the applicant an 
opportunity to properly respond. In order to be fully responsive, Applicant provides the 
following traverse. 

The Examiner objects to the definition of "optionally substituted" recited in the 
specification because it includes the terms "aryl," "arylalkyl" and "heteroaryl" because: 

said terms typically 

i) lack any upper bounds as to size, 

and when heteroatoms are suggests said terms 

ii) fail to define which hetero atoms are to be selected from 

iii) the number of said heteroatoms, or 

iv) the location(s) or the ring system(s) containing said heteroatom(s) and 

v) because a proper definition of "optionally substituted" is not present in any 

independent claim. 

a, aryl 

The specification specifically defines the term "aryl." For example, page 9, line 26 

through page 10, line 5, recites: 

The term "aryl," alone or in combination, refers to an optionally substituted 
aromatic ring system. The term aryl includes monocyclic aromatic rings, 
polyaromatic rings and polycyclic aromatic ring systems containing from six to 
about twenty carbon atoms. The term aryl also includes monocyclic aromatic 
rings, polyaromatic rings and polycyclic ring systems containing from 6 to about 
12 carbon atoms, as well as those containing from 6 to about 10 carbon atoms. 
The polyaromatic and polycyclic aromatic rings systems may contain from two to 
four rings. Examples of aryl groups include, without limitation, phenyl, biphenyl, 
naphthyl and anthryl ring systems. 

This definition includes upper bounds as to size. Thus, the term "aryl" is not incompletely 

defined. 
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b. arvlalkyl 

The term "arylalkyl" is defined in the specification. For example, see page 11, lines 9- 
11, which recites: 

The term "arylalkyl," alone or in combination, refers to an alkyl radical as defined 
above in which one hydrogen atom is replaced by an aryl radical as defined 
above, such as, for example, benzyl, 2-phenylethyl and the like. 

The terms "alkyl" and "aryl" are defined in the specification. As discussed above, the 

definition for the term "aryl" recites the "upper bounds as to size" that the Examiner 

alleges to be missing. Thus, the term "arylalkyl" is not incompletely defined. 

c. heteroaryl 

The specification defines the recitation "heteroaryl" (e.g., see page 10, lines 6-19): 

optionally substituted aromatic ring systems containing from about five to about 
20 skeletal ring atoms and having one or more heteroatoms such as, for example, 
oxygen, nitrogen and sulfur. The term heteroaryl also includes optionally 
substituted aromatic ring systems having from 5 to about 12 skeletal ring atoms, 
as well as those having from 5 to about 10 skeletal ring atoms. The term 
heteroaryl may include five- or six-membered heterocyclic rings, polycyclic 
heteroaromatic ring systems and polyheteroaromatic ring systems where the ring 
system has two, three or four rings. The terms heterocyclic, polycyclic 
heteroaromatic and polyheteroaromatic include ring systems containing optionally 
substituted heteroaromatic rings having more than one heteroatom as described 
above (e.g., a six membered ring with two nitrogens), including polyheterocyclic 
ring systems of from two to four rings. The term heteroaryl includes ring systems 
such as, for example, furanyl, benzofuranyl, chromenyl, pyridyl, pyrrolyl, indolyl, 
quinolinyl, N-alkyl pyrrolyl, pyridyl-N-oxide, pyrimidoyl, pyrazinyl, imidazolyl, 
pyrazolyl, oxazolyl, benzothiophenyl, purinyl, indolizinyl, thienyl and the like. 

The definition set forth in the specification for the term "heteroaryl" recites the "upper bounds as 

to size" that the Examiner alleges to be missing. The definition also states that the rings include 

one or more heteroatoms, such as oxygen, nitrogen and sulfur. Thus, Applicant respectfully 

submits that one of skill in the art, in light of what is known in the art and the teachings of the 

specification, would understand what is meant by the recitation "heteroaryl" and would be able 

to determine the metes and bounds of the claims. Thus, the term "heteroaryl" is not incompletely 

defined. 

REBUTTAL TO THE EXAMINER'S ARGUMENTS 
The Definition of Variable R 18 

In the rejection under 35 U.S.C. 1 12, second paragraph, the Examiner alleges the 
recitation "may be optionally substituted" has been replaced with the recitation "optionally 
substituted" in the claims except in the case of variable R 18 in claims 1 and 58. Without 
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addressing the propriety of the rejection, Applicant respectfully submits that neither claim 1 nor 
claim 58 recites a variable R 18 . Thus, because claims 1 and 58 do not recite a variable R 18 , this 
rejection is moot. 

* * * 

In view of the aboye, reconsideration and allowance of the application are respectfully 
requested. 

Respectfully subnjiitted, 
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Introduction 

The proliferation and differentiation of mammalian 
cells is modulated by a number of specific signal 
molecules that regulate gene expression. Among these 
signals are (i) the steroid hormones (ejf., glucocorticoids, 
mineralocorticoids, estrogens, progestins, and andro- 
gens), chemical messengers produced by the body in 
response to a variety of stimuli; (ii) small -molecule 
hormones including thyroid hormone, calcitriol (a vita- 
min D 3 metabolite), and the retinoids; and (iii) the 
cytokine superfamily of protein molecules that affect 
cells of the immune and other systems. 

The mechanism of action of steroid hormones has 
been studied extensively over the last 25 years. The 
steroid hormones, which have similar fused ring skel- 
etons, vary structurally with the placement of double 
bonds and the nature of their side chains. Dramatic 
differences in biological activity of these molecules are 
due to interactions with specific receptors capable of 
distinguishing minor differences in chemical structure. 
In contrast, nonsteroidal small-molecule hormones vary 
significantly in chemical structure; however, they utilize 
Bimilar receptors to produce their biological efFects. The 
receptors for the nonsteroidal small-molecule hormones 
include the retinoic acid (RA) receptor subtypes (RARa, 
RAR£, RARy, RXRa, RXR0, and RXRy), the vitamin D 
receptor, and the thyroid hormone receptor subtypes 
(TsRa and T^Rfi and splice variants). 

The definition of biochemical events that mediate 
signal transduction in response to steroid hormones and 
small-molecule hormones has advanced rapidly, begin- 
ning in 1985 with the first cloning of an intracellular 
receptor (IR). 1 Molecular biological techniques enabled 
subsequent cloning and characterization of receptors for 
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each of the steroid and small-molecule hormones. This 
dramatically enhanced understanding of hormone action 
and led to a number of unifying insights concerning the 
receptors and their ligands. The IRs are closely related 
members of a protein superfamily 2 that have apparently 
diverged from a common ancestral gene. 3 The presence 
of a specific IR within a cell enables that cell to respond 
to the hormone cognate to that IR. The IRs share a 
common mechanism of action, since they in general 
remain latent inside target cells until exposed to their 
specific ligands, which activate them as transcription 
factors producing specific changes in gene expression. 

Cytokines are a large and diverse family of circulating 
polypeptides produced by many different cell types. 
They include various types of interferons (e,g., IFN-a, 
-P, -y), the interleukins (e^., IL-6), the colony-stimulat- 
ing factors (e^., granulocyte colony-stimulating factor, 
G-CSF), and growth factors (eg., epidermal growth 
factor, EGF). Individual cytokines act upon a variety 
of cell types. As polypeptides, cytokines cannot freely 
enter cells; they act by binding to specific cell surface 
receptors. The understanding of the biochemical events 
by which some of the cytokines achieve their distinctive 
biological effects has increased significantly since 1992. 
There is a surprising degree of underlying similarity in 
the pathways of cytokine signal transduction, explained 
by the discovery of a family of latent cytosolic proteins, 
termed signal transducers and activators of transcrip- 
tion (STATs), 4 that mediate signal transduction for the 
majority of the cytokines. This newly defined STAT 
protein superfamily acts to mediate specific changes in 
gene expression and consequently cell function following 
exposure to most cytokines. 

Both the IRs and the STATs act as DNA-sequence- 
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specific transcription regulators, selecting the genes 
expressed and modulating the level of their expression 
within a cell following exposure to a specific stimulus. 
The DNA sequence-specific factors that act to modulate 
gene transcription are collectively termed transcription 
factors and include the IRs and STATs, which exert 
their effects by binding to chromosomal DNA in a 
sequence-specific manner or by interacting with com- 
ponents of the transcription apparatus, the complex of 
RNA polymerases and accessory proteins that carry out 
the production of messenger RNA (mRNA). Transcrip- 
tion factors control the expression of specific sets of 
genes. Since the pattern of gene expression determines 
cell function, the control of gene expression is a central 
process in biology. 

The concepts and terminology used to describe the 
transcription of eukaryotic genes will be briefly reviewed 
here, preceding a detailed discussion of the mechanics 
of the IR and STAT signal transduction pathways and 
their relevance to drug discovery. Transcription, the 
rate-limiting step in gene expression, is used by the cell 
as a primary point of regulation for subsequent events 
controlled by hormones and cytokines. The regulatory 
pathways involved in transcription are controlled by 
protein -protein and protein-DNA interactions. 

Transcriptional activation of eukaryotic genes during 
development or in response to extracellular signals is a 
complex process involving the concerted action of many 
proteins. RNA polymerase II is the enzyme responsible 
for the production of mRNA from genes in eukaryotes, 
as outlined in Figure l. 6 It acts in combination with a 
number of transcription factors. These factors can be 
divided into three classes on the basis of their functions. 
First are the basal transcription factors, which are 
required for an unregulated, basal level of transcription 
by RNA polymerase II. Second are the DNA-sequence- 
specific transcription factors, which are required for 
regulated transcription of a subset of these genes. 
Lastly, the coactivators represent a newly discovered 
class of regulatory proteins that act in concert with 
sequence-specific and basal transcription factors to 
further modulate levels of transcription. 

The regulatory region in the immediate vicinity of the 
transcription start site is termed the promoter and 
contains a number of core response elements. Response 
elements are specific nucleotide sequences that are 
recognized by and act as binding sites for transcription 
factors. The core response elements are usually located 
within several hundred base pairs of the transcription 
start site. The most common core response element 
among genes transcribed by RNA polymerase II is the 
5'-TATAAA-3' sequence (TATA box), recognized by a 
specific basal transcription factor. Other response 
elements commonly found in the promoter region and 
to which specific transcription factors bind include the 
5'-GGGCG-3' and 5'-CCAAT-3' sequences. In addition, 
mammalian genes may contain particular combinations 
of positive or negative regulatory response elements that 
are uniquely arranged as to number, type, and spatial 
organization. These response elements are the binding 
sites for sequence-specific transcription factors that 
activate or repress gene expression for the gene down- 
stream from that promoter. A response element that 
regulates the activity of the promoter from a distance 
and in an orientation-independent fashion is termed an 
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Figure 1. The cascade of events leading to transcriptional 
initiation. The first step in the initiation process requires 
binding of TFIID to the TATA box of the promoter. After 
TFIIB binds to TFIID on the DNA, RNA polymerase II and 
TFIEF are recruited to the complex of proteins at the tran- 
scription initiation start site. Transcriptional initiation also 
requires the presence of TFIIE and TFIIH to yield a complete 
initiation complex. 

enhancer or a silencer depending on whether it induces 
or represses gene expression. Both the IRs and STATs 
interact with response elements to control transcription. 

Initiation of transcription requires that the basal 
transcription factors, by interaction with core response 
elements, form an initiation complex, the active as- 
semblage of RNA polymerase II and accessory proteins 
required to start RNA synthesis. A schematic repre- 
sentation of initiation complex formation is shown in 
Figure 1. The first step in the assembly of the initiation 
complex is the binding of the transcription factor D for 
RNA polymerase H (TFIID) 6 to the TATA box. TFIID 
is a multiprotein complex that consists of the TATA 
binding protein (TBP) and TBP associated factors. 
TFIID acts as a binding site for TFIIB. Once bound, 
TFIIB is able to recruit RNA polymerase II and TFIIF 
to the transcription start site. The complex formed by 
the association of these factors is stable; however, 
subsequent association of transcription factors TFIIE 
and TFIIH is required to complete formation of the 
transcription initiation complex to begin mRNA pro- 
duction. 5 * 7 

Sequence-specific transcription factors modulate the 
formation of the initiation complex and thus control the 
frequency of transcription of a specific subset of genes 




Figure 2. Control of gone expression through the intracellular 
receptor signaling pathway. In the FR pathway, amall- 
mnlecule ligunda diffuse into the cell and bind to the appropri- 
ate receptor. This leads to a conformational change of the 
receptor that causes dissociation with proteins such as hsp90 
that are associated with the inactive form of the receptor and 
allows receptor binding to a specific response element in the 
promoter of a gene controlled by that hormone. Binding of 
an activated IR protein to its response element modulates the 
transcription of the downstream gene and, thus, translation 
of the gene product. 

by RNA polymerase II. These transcription factors may 
act (i) by binding to sequence-specific response elements 
(enhancers or silencers) within the DNA or (ii) via direct 
protein -protein interaction with basal transcription 
factors within the initiation complex. 

Recently, coactivators have been identified as a third 
class of transcription factors. It has been proposed that 
these function as physical links between the sequence- 
specific transcription factors and one or more compo- 
nents of the initiation complex. The TFIID complex, for 
example, contains several proteins that are tightly 
associated with the TBP and display some coactivator 
function: These proteins may be unnecessary for basal 
level transcription but essential for stimulation of 
transcription by sequence- specific transcription factors. 

The remainder of this review will focus on two 
families of sequence-specific transcription factors: (i) the 
IRs, the transcription factors through which steroid 
hormones and small-molecule hormones control gene 
expression, and (ii) the STATs, the transcription factors 
through which many cytokines and growth factors 
control gene expression. 

Information regarding hormonal and cytokine signal 
transduction that has delineated the underlying prin- 
ciples, properties, and biological roles of IRs and STATs 
will be discussed. Important implications for new drug 
discovery approaches, targets, and tools with the po- 
tential to yield breakthrough small -molecule drugs 
mimicking or blocking hormone and cytokine actions 
will be highlighted. 

Intracellular Receptor Function 

The sequence of events involved in IR signal trans- 
duction is shown in Figure 2. Briefly, the non-peptide 
hormones, such as estrogen or RA, are sufficiently 
lipophilic to diffuse freely through the cell membrane 
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without the need for specialized transport systems. A 
number of these hormones interact with plasma and 
intracellular binding proteins that show varying degrees 
of specificity; however, the actual mediators of hormonal 
signal transduction ore the IRs. The intracellular 
receptors, proteins with molecular masses that range 
from approximately 55 to 90 kDa, have a characteristic 
domain structure. They are located within the cell, but 
are not cell membrane associated. Once a hormone 
enters the cell, it binds to its IR with high affinity, 
resulting in a conformation change in the receptor, 
activating the IK as a transcription factor. 

In the absence of bound ligand, inactive steroid 
hormone receptors are sequestered in cells in a complex 
with the heat shock proteins hsp-90, hsp-70, and p59. 8 
Additional proteins, such as YDJ1, also appear to 
influence the activation of steroid hormone receptors. 9 
The cellular localization of the unliganded complex 
(cytoplasmic or nuclear) remains controversial. 10 The 
conformational change that occurs in the receptor as a 
consequence of hormone binding results in the dissocia- 
tion of the IR from the heat shock proteins and release 
of the monomeric receptor molecule and its ligand from 
the complex. In contrast to the steroid hormone recep- 
tors, the inactive small-molecule hormone receptors do 
not appear to interact with heat shock proteins and, in 
the absence of hormone, are located in the nucleus. 11 
The binding of hormone also results in conformational 
changes in these receptors and in their subsequent 
activation. The exact nature of these conformational 
changes is not known. However, for some of the IRs it 
can be shown to involve alteration in the accessibility 
of the IR's C- terminal region, detectable either with 
immunological reagents 12 or by determination of ligand 
modulation of proteolytic susceptibility in vitro. ia 

There are approximately 100000 genes expressed in 
all cells, with 10000-20000 expressed in a single cell. 
Of these, only a few hundred genes in any cell are 
regulated by IRs. Ligand-activated IRs exert their 
effects by binding directly to specific chromosomal 
enhancer sequences termed hormone response elements 
(HREs) that are located within the regulatory regions 
of target genes. 14,15 Once bound to HREs, the activated 
receptor increases the transcriptional activity of the 
adjacent promoter, resulting in optimal expression of 
the target gene. Each HRE is made up of two ap- 
proximately hexanucieotide half-sites separated by a 
variable number of nucleotides. The sequence of the 
half-sites and the number, but not the sequence, of the 
spacing nucleotides are key determinants of the speci- 
ficity of IR interaction. HREs differ in their nucleotide 
sequences as well as the orientation and spacing of their 
half sites. Comparison of the sequences of the HREs 
from different hormone responsive genes indicates that 
a similar motif is used by each of the receptor subfami- 
lies (Table 1). 

Recent evidence shows that the IRs can associate to 
form homodimers, heterodimers, and possibly other 
oligomeri c receptor species. 16 * 17 These dimers may bind 
to inverted repeats, direct repeats, or everted repeats. 
It is generally believed, in the case of the glucocorticoid 
receptor (GR), 1 estrogen receptor (ER), 18 progesterone 
receptor (PR), 19 * 20 androgen receptor (AR), 21 ' 23 and 
mineralocorticoid receptor (MR) 24 that the active recep- 
tor species are homodimers. For many of the other IRs, 
including thyroid hormone receptor (TR), 2 * RA receptors 
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(RARs), 26,27 vitamin D receptor (VDR), 28 and a number 
of the orphan receptors, the functional transcription 
factor is a heterodimer formed with a member of the 
retinoid X receptor (RXR) 29 - 30 subfamily. 

The idea that the receptors can only bind to HREs as 
dimers is being reexamined since the estrogen receptor 
appears able to bind as a monomer to a single half-site 
of either the estrogen response element or the thyroid 
hormone response element. 31 - 32 Further, two recently 
described proteins with significant primary sequence 
homology to members of the IR superfamily, nerve 
growth factor I-B (NGFI-B) 33 - 34 and steroidogenic fac- 
tor -1 (SF-1), 35 also bind to half-sites as monomers. In 
each case, the HRE is an extended estrogen response 
element with extra 5' nucleotides. Although not clearly 
understood, the selection of the DNA-binding mode 
appears to be determined by response element type, 
promoter context, and relative levels of the pertinent 
IRs. 

Intracellular Receptor Structure 

The cloning and sequencing of cDNAs for the IRs and 
comparison of their deduced amino acid sequences show 
that the superfamily members are modular in struc- 
ture. 2 * 36 Sequence data and functional analysis show 
the IRs to consist of six discrete subdomains, A— F 
(Figure 3). Three of these domains have been described 
in detail: (i) the DNA-binding domain, which is highly 
conserved and provides specific binding to the HRE, (ii) 
the ligand -binding domain located C -terminal to the 
DNA-binding domain, which provides a hydrophobic 
pocket for the binding of the ligand but also contains a 
number of other functionally important regions, and (iii) 
the C- and N-terminal transactivation domains, which 
are more variable in sequence. 

I. DNA-Binding Domain. The DNA-binding do- 
main, which is usually centrally located in the primary 
sequence of an IR, is composed of 68 amino acid 
residues. Of those 68 amino acids, 20 are invariant and 
determine the generalized DNA-binding structure. 37 
Confirmation that this region is the DNA-binding 
domain was obtained using XFACS, 38 2D NMR, 39 - 40 and 
X-ray crystallography. 41 The DNA-binding domain is 
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Figure 3. The domain structure of the intracellular receptors. 
The DNA>binding domain (DBD) corresponds to the C region 
and the ligand- binding domain (LBD) corresponds to the E 
region. These critical domains are restricted to defined 
segments of the protein. However, the segments of the 
receptor responsible for transactivation, nuclear translocation, 
and dimerization are not restricted to single defined domains, 
but are found in multiple regions of the receptor. The region 
marked D is a short region known as the hinge region that 
connects the DBD and the LBD and has functional activity as 
shown in the figure. The DBD contains nine cysteine residues 
enabling the coordination of two zinc ions and the formation 
of two zinc fingers. The first zinc finger contains the P box 
responsible for the sequence specificity of the IR; the second 
zinc finger of the DBD contains the D box, which discriminates 
between similar response element sequences with different 
spacing between the half-sites of the response element. 

highly basic and contains nine cysteine amino acid 
residues. The presence of the cysteine residues enables 
the coordination of two zinc ions and the formation of 
two "zinc fingers". Selection of the specific HRE to 
which the receptor binds is determined by the three 
amino acids at the base of the first finger. 15 Mutational 
analysis of the estrogen receptor showed that conversion 
of these three amino acid residues to the corresponding 
residues from the glucocorticoid receptor results in a 
mutant estrogen receptor that binds the glucocorticoid 
response element. 42 The finger segment encompassing 
these residues, responsible for sequence specificity or 
selectivity of DNA binding, is termed the Proximal or 
P box, 43,44 The sequence spanning cysteine residues 5 
and 6, in the second zinc finger, is responsible for 
discriminating between response elements with similar 
sequences but different half-site spacing. This sequence 
of five amino acid residues is called the Distal or D box. 46 
For example, the D box in the RXR recognizes a one 
nucleotide spacing between the response element half- 
sites (5'-AGGTCA n AGGTCA-3'), while the RAR D box 
recognizes half-sites with five spacing nucleotides (5'- 
AGGTCA nnnnn AGGTCA-3'). 

IL Ligand Binding Domain. The C-terminal or 
£ region of the IRs is approximately 25 kDa and 
contains the ligand-binding domain (LBD), which de- 
termines the ligand-binding specificity of each recep- 
tor. 2 - 38 Proteolytic mapping of the receptor indicated 
that a portion of the D region is necessary for binding 
of ligand with maximal affinity. 12 The hormonal Uganda 
generally bind to their cognate IRs with affinity con- 
stants {Kd values) on the order of 1 nM. Upon binding 
hormone, the receptor is thought to undergo a major 
conformational change that results in its activation. 12 
The crystal structure of the RXRa ligand binding 
domain has been reported. 46 However, Bince the crystal 
structure was determined in the absence of a ligand, 
the conformational changes induced by hormone binding 
have not yet been clearly defined. The ligand-binding 
domain additionally contains regions allowing (i) the 
dimerization of the receptor monomers, 45,47,48 (ii) the 
interaction of selected IRs with heat shock proteins, 8 
(iii) nuclear translocation signals, 49 and (iv) one of 
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several transcriptional transactivation domains of the 
receptor. The dimerization 50 and nuclear transloca- 
tion 51 signals that have been mapped to the ligand 
binding domain are dependent upon the binding of 
hormone for their action. Nuclear translocation and 
dimerization signals are also present in the DNA- 
binding domain, but their action is hormone indepen- 
dent. Analysis of the region of the ligand binding 
domain that contains the dimerization signal has re- 
vealed a heptad repeat of hydrophobic residues that are 
highly conserved within the IR superfamily. This 
observation suggests that the nuclear hormone receptors 
dimerize via a leucine-zipper type mechanism. 52 

ni. Transactivation Domains. Transactivation 
domains are located in both the N-terminal and C- 
terminal regions of the receptors. Transactivation 
achieved with the DNA-binding domain alone repre- 
sents a small portion of the total activity of the receptor. 
Deletion of the E regions of GR and ER, however, 
abolishes both hormone-binding and transactivation 
functions of the receptors. Since nuclear localization is 
a prerequisite for transactivation, it is difficult to assess 
the influence of the E region independent of its nuclear 
translocation function. In addition, at least in the case 
of the estrogen receptor, transactivation has been shown 
to be dependent upon the binding of hormone. 53 The 
situation is further complicated by the possibility that 
dimerization of the receptor may be necessary for 
efficient transactivation. However, careful mutational 
analysis, together with experiments involving chimeric 
genes, has enabled identification of specific regions that 
contain the transactivation functions for a number of 
the IRs. The transactivation domains, located N- 
terminal and C-terminal to the DNA-binding domain, 
have been termed transactivation unit I and 2, respec- 
tively (Tau 1 and Tau 2), in GR, 64 transactivation 
function 1 and 2 (TAF-1 and TAF-2) in ER, 55 and 
activation function 1 and 2 (AF-1 and AF-2) in PR. 56 
The Tau 1, TAF-1, and AF-1 activation domains are 
located within the region marked A/B in Figure 3; the 
second activation domain of these receptors can gener- 
ally be found in the LBD. The retinoid receptors, RARs 
and RXRs, have also been reported to have two domains 
responsible for transactivation, one each in the N- 
terminal and C-terminal regions. 57 

Application of Intracellular Receptor 
Technology 

Elucidation of the mechanism of IR-mediated tran- 
scriptional activation has enabled the development of 
high-throughput assays to detect novel small molecules 
that act as agonists, antagonists, or partial agonists of 
the IRs. 58 These assays can reveal the consequences of 
the interaction of any compound with any IR, using the 
cloned human IR cDNAs. These assays, termed co trans- 
fee ti on assays, are capable of detecting the functional 
effects on gene expression of small molecules that 
interact with specific IRs in mammalian cells. As shown 
in Figure 4, a gene for an IR that is a potential drug 
target is introduced by transfection (a procedure to 
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Figure 4. The cotransfection assay. Two plasraids are 
cotransfected into the appropriate eel] background. One 
plasmid constitutively expresses an intracellular receptor. In 
the presence of ligand, the receptor acts in trans to bind to its 
HRE (the cis element) and activate transcription of the 
downstream reporter gene. The reporter is generally an easily 
detected enzyme such as chloramphenicol acetyl transferase 
(CAT) or luciferase. 

induce cells to take up foreign DNA) into a mammalian 
cell lacking endogenous IRs of the type being studied. 
The introduced receptor cDNA directs the recipient cells 
to synthesize the receptor protein. A second gene under 
the transcriptional control of the appropriate HRE is 
also introduced by transfection (i.e., cotransfected) into 
the same cells together with the IR gene. The protein 
product of this second gene functions as a reporter for 
the transcription-modulating activity of the receptor 
protein at its HRE. Thus, the reporter acts as a 
surrogate for the products normally expressed by genes 
under the control of the target receptor and its natural 
hormone. The reporter gene is chosen to encode a 
protein product that can be readily detected and quanti- 
fied. Enzymes are useful reporters because they can 
often be assayed easily and, under the appropriate assay 
conditions, the rate of the reaction they catalyze directly 
reflects the amount of enzyme present. Firefly lu- 
ciferase is an example of a frequently used reporter. The 
promoter that controls expression of the luciferase 
cDNA in the reporter plasmid is constructed to contain 
the appropriate HRE so that expression is under 
hormonal control at the level of transcription. 

The cotransfection assay can be used to detect ago- 
nists for the target IR. A day after exposure to an 
appropriate agonist ligand in the medium bathing the 
transfected cells, an increase in reporter activity can be 
measured in cell extracts, reflecting ligand-dependent, 
IR-mediated increases in reporter gene transcription. 

The cotransfection assay can also be used to detected 
the activity of small molecules that antagonize the 
activity of an agonist ligand for any IR. To detect 
antagonists the assay is carried out in the presence of 
a constant concentration of a known agonist sufficient 
to induce a constant reporter signal. Cells incubated 
in the presence of increasing concentrations of an 
antagonist will display progressive decreases in reporter 
signal. The cotransfection assay is therefore useful to 
detect both agonists and antagonists of specific IRs. 

Current Therapeutics 

Hormone-based therapies have been part of clinical 
medicine for over a century. Initially, extracts of 
endocrine glands were used as replacement therapies 
to supplement patients with glandular deficiencies. 
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Subsequently, the hormones themselves, purified from 
such extracts, were administered for similar uBes. As 
the structures of the hormones were determined, chemi- 
cally-synthesized versions replaced many of the naturally- 
derived hormone drugs. Subsequently, chemical ana- 
logues of these were synthesized and tested in animals 
to find compounds with improved therapeutic profiles 
relative to those of the hormones. Hormone agonists 
in clinical use include estrogens, anti-inflammatory 
glucocorticoids such as cortisone and dexamethasone, 
thyroxine, vitamin D 3 (a precursor to calcitriol), various 
progestins, and estrogens used in oral contraception, 
and vitamin A metabolites. 

The sex steroids drive the growth and function of the 
tissues of the reproductive tract and breasts. Malig- 
nancies arising in these organs, such as breast or 
prostate cancer, derive from normal tissue and often are 
dependent on sex steroids to maintain growth. Initially, 
these cancers were treated by surgical ablation of the 
endocrine glands involved in the secretion of the sex 
steroids. The surgical removal of the glands that 
produce an "unwanted" hormone is drastic and far from 
satisfactory. It was therefore a great advance when 
hormone antagonist drugs first became available. These 
hormone antagonists were developed, as were the early 
hormone agonists, by a laborious process of chemical 
synthesis of drug candidates and testing in animals. 
Steroid hormone antagonists with clinical utility include 
the anti-estrogen tamoxifen, the anti -progestin mife- 
pristone (RU486), and the anti-androgens flutamide and 
cyproterone acetate. Other clinically useful hormone 
antagonists include the anti- miner alocorticoid spirono- 
lactone. 

Identification of Targets for the Discovery of 
Novel Drugs 

The number of diseases that are associated with 
inappropriate production of or response to hormonal 
stimuli highlights the medical and biological importance 
of these effectors. The recent advances in our under- 
standing of the molecular basis for the action of IBs offer 
the opportunity to improve many of the existing IR- 
modulating drugs. Despite the clinical utility of cur- 
rently available hormone agonists and antagonists, 
many of the compounds are limited by their side-effect 
profiles. Delineation of the mechanism of a specific 
biological response enables the identification of small 
molecules that retain the efficacy of the IR-modulating 
drug, but have significantly improved side-effect pro- 
files. Development of compounds more selective for the 
target IR and, thus, in the function(s) that they elicit 
are discussed in section I, below. 

The discovery of receptor isoforms for a variety of 
receptor systems has already led to the development of 
more specific and improved drugs. These include the 
cardioselective /3-adrenergic blockers and the receptor 
subtype selective antihistamines. For certain non- 
protein hormones, identification of intracellular receptor 
subtypes, many of which are expressed in a tissue 
specific manner, not only implies a specific physiological 
role for each subtype but may offer better defined 
pharmacological effects and thus potential for develop- 
ment of highly selective drugs. The utility of this 
approach for drug discovery is detailed in section II, 
below. 



Another recent finding, offering additional potential 
for the discovery of new drugs, is the identification of 
several dozen "orphan" members of the IR superfamily. 
In most cases, ligands that activate these so-called 
orphan receptors have yet to be identified. These IRs 
may represent as yet uncharacterized signal transduc- 
tion pathways for novel endocrine and paracrine sys- 
tems or may include subtypes of IRs for known ligands. 
In either case the orphan IRs, discussed in section III, 
below, are of great interest for discovery of more 
selective and efficacious small molecule drugs. 

L Tissue-Selective Intracellular Receptor Acti- 
vators. Progesterone is produced in the ovaries, testes, 
adrenal cortex, and placenta. Along with estrogens, 
progesterone is critical in preparing the female repro- 
ductive tract for reception of sperm and implantation 
of a fertilized ovum. Progestins and estrogens cause 
growth and development of the reproductive tract and 
breasts. Progesterone is responsible for the body tem- 
perature rise upon ovulation and is also critical for the 
maintenance of pregnancy. 

Therapeutic uses for progestins may include contra- 
ception (in combination with estrogens) and control of 
dysfunctional uterine bleeding, dysmenorrhea (in com- 
bination with an estrogen), endometriosis, and threat- 
ened spontaneous abortion. The traditional steroidal 
agonists of the progesterone receptor (e^., norgestrel 
and norethindrone) were synthesized over 25 years ago 
and exhibit anti-estrogenic activity along with varying 
degrees of cross reactivity with AR and GR. 59 While 
some cross reactivity with other receptors may occasion- 
ally be desirable, 60 opportunities now exist to prepare 
selective, easily synthesized progesterone receptor ago- 
nists and antagonists. Two functionally different ap- 
proaches by which this may be achieved will now be 
discussed. 

The recent discovery that the human progesterone 
receptor (hPR) exists in two forms, hPR-A (94 kDa) and 
hPR-B (120 kDa), opens one avenue for drug discovery. 
These receptors differ by 164 amino acids, which are 
present in the N-terminal region of hPR-B but absent 
from hPR-A. The two receptors have identical DNA and 
ligand binding domains and may 61 or may not 62 be 
present in equimolar concentrations in tissues. Hetero- 
and homodimers of hPR-A and hPR-B form upon ligand 
activation. Recent data suggest that the cellular path- 
ways used by hPR-A and hPR-B are distinct. 63 The 
hPR-A has been demonstrated to inhibit the transcrip- 
tional activity of the glucocorticoid, 64 estrogen, 64 andro- 
gen, and mineralocorticoid 66 receptors in a cell- and 
promoter-specific manner. These properties may facili- 
tate the identification of more selective compounds or 
compounds with cross reactivity by allowing in vitro 
analysis of progestin action. For example, hPR-A inhibi- 
tion of ER may be a mechanism through which the anti- 
estrogenic properties of progestins are produced. These 
observations, if they apply in vivo, set the stage for 
discovering a new generation of hPR modulators. 

Anti -progestins are currently used acutely as aborti- 
facients. Other possible therapeutic uses may include 
cervical ripening and treatments for endometriosis, 
uterine fibroids, meningioma, and breast cancer. The 
anti-progestins are predominantly ll^-aryl-19-nor ste- 
roids 67 , (e^., mifepristone, onapristone and Org 31806, 
Figure 5). 68-70 Cross reactivity with the androgen, 
glucocorticoid, and estrogen receptors is a feature of 
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Figure 6. Estrogen receptor modulators. 



current anti-progestins, which potentially limits their 
tolerability for chronic administration. Mifepristone 68 
is a potent anti-progestin, anti-glucocorticold, and anti- 
androgen that also exhibits antiestrogenic behavior. 
These cross reactivities, while of little consequence for 
acute uses, may be detrimental in chronic therapy. 

Substantial progress has been made to prepare more 
selective 11/3-aryl steroidal anti-progestins; however, 
these compounds are difficult to synthesize. 67 Further- 
more, some evidence suggests that there are two classes 
of anti-progestins among the 11^-ary) steroids 71 that can 
be differentiated by the affinity of the ligand-bound 
dimerized receptor complex for DNA. Mifepristone and 
its analogues induce a dimerized receptor conformation 
with high affinity for DNA, while onapristone induces 
a conformation with low affinity for DNA. The clinical 
relevance of this mechanistic difference remains to be 



elucidated. Structurally, mifepristone and onapristone 
differ in stereochemistry at Ci 8 , with onapristone being 
inverted from the usual steroid nucleus (Figure 5). 

Estrogens are produced primarily in the ovaries and 
are responsible for stimulation of development of female 
sex organs, mammary glands, and various secondary 
sexual characteristics. Therapeutic uses of estrogen 
agonists include oral contraception (in combination with 
progestins), hormone replacement therapy in postmeno- 
pausal women, and treatment for dysmenorrhea, dys- 
functional uterine bleeding, acne, hirsutism, failure of 
ovarian development, coronary artery disease, osteoporo- 
sis, and prostate cancers. 

Steroidal estrogens (e^., 17£-estradiol, estrone, Figure 
6) have a characteristic phenolic A ring. Natural 
estrogens are deactivated in the liver, however, an 
a-substituent at Cn interrupts thiB metabolism (see 
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ethinyl estradiol). Several non-steroidal estrogens exist 
including flavinoide and di- and triphenylethylenes (eg., 
die thyl stil bes t ro 1 ) . 

Currently identified anti-estrogens and partial estro- 
gen agonists are predominantly triphenylethylenes. 
These include tamoxifen, 72 chlomiphene, keoxifene, and 
1 (Figure 6). 73 Steroidal anti-estrogens have been pre- 
pared and contain a long side chain at C7 (e^., ICI 
164,384 and ICI 182/780). 74 Breast cancer is the current 
predominant therapeutic use for estrogen antagonists. 
Recent molecular insights into the transcriptional trans- 
activating functions of estrogen receptor and other 
steroid receptors have opened new avenues for drug 
discovery, making possible the identification of com- 
pounds that demonstrate selectivity for a desired bio- 
logical response. 

The estrogen receptor has two distinct regions that 
confer transactivation of transcription: TAF-1 and TAF- 
2. Mutant forms of human ER (hER) have been con- 
structed in which either TAF-1 or TAF-2 is genetically 
"excised". Cotransfection into mammalian cells of TAF- 
deleted hER genes or wild-type hER cDNAs, together 
with a plasmid containing an estrogen-responsive re- 
porter gene such as luciferase cDNA, allows the rigorous 
analysis of the role played by TAF-1 and TAF-2 in the 
activation of transcription of various target genes by the 
ER. Using this cotransfection assay, it is possible to 
dissect the influences on ER-driven transcription of (i) 
cell background, (ii) promoter context, and (iii) activat- 
ing ligand (various hER agonists, antagonists, and 
partial agonists). 

When a particular ligand (e^., estradiol, tamoxifen, 
or ICI 164,384) interacts with the ER, it induces (or 
stabilizes) a particular conformation of the receptor. Full 
agonists, such as 17/3-estradiol, induce a "fully active" 
conformation, in which both TAF-1 and TAF-2 are 
"exposed" and active. Full antagonists, such as ICI 
164,384, appear to bind to ER (competitively with 
estradiol) and expose neither TAF-1 nor TAF-2. Partial 
agonists drive the ER into conformations "intermediate" 
between the fully active and fully inactive conformations 
driven by estradiol and ICI 164,384, respectively. 

Interestingly, not all partial agonists drive the recep- 
tor into the same conformation. Tamoxifen appears to 
induce "exposure" of TAF-1 but not of TAF-2. Tamox- 
ifen therefore functions as an agonist for TAF-1 -depend- 
ent functions and as an antagonist for TAF-2-dependent 
functions. The former appears to underlie its estrogen- 
mimetic pharmacological effects in uterine tissue, 75 and 
the latter appears to account for its estrogen-blocking 
effects in breast cancer. Other compounds drive equally 
reproducible, partially-activating conformations of the 
ER, differing from that driven by tamoxifen. With the 
appropriate partial agonists for the ER, therefore, it is 
possible to achieve transcriptional enhancement of only 
a subset of estrogen-responsive genes. Compounds with 
a subset of estrogen's full spectrum of activities can be 
identified using assays based upon these principles. 

Once exposed as a consequence of a ligand-induced 
conformational change in the ER, TAF-1 and TAF-2 can 
each independently enhance transcription of some es- 
trogen-responsible genes, presumably by interacting 
with specific intracellular partner proteins. The recent 
identification of a 160 kDa estrogen receptor-associated 
protein (ERAP160) 76 lends further credence to this 
model. ERAF160 binds to ER through interactions 
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Figure 7. Androgen receptor agonists and antagonists. 

involving TAF-2 in an estradiol-dependent manner. The 
binding of anti-estrogens to the receptor blocks the 
binding of ERAP160. It has been suggested that 
ERAP160 mediates transactivation of ER and that the 
ability of anti-estrogens to block ER-ERAP160 complex 
formation may account for their therapeutic effects in 
breast cancer. Although the identities of other postu- 
lated partner proteins remain unknown, indirect evi- 
dence indicates that their expression varies from cell 
type to cell type. The identification of these postulated 
partner proteins will provide yet another attractive 
target for the development of highly selective small- 
molecule drugs. 

Emerging evidence supports the utility of an approach 
similar to that taken with ER and PR for the develop- 
ment of tissue-selective partial agonists for other recep- 
tors including PR, AR, MR, GR, and VDR. 

Androgens are synthesized in the testes, adrenal 
cortex, and ovaries. The net effect of endogenous 
androgens reflects the combined actions of the secreted 
hormone, testosterone (Figure 7); its 5a-reduced me- 
tabolite, dihydro testosterone; and its estrogenic deriva- 
tive, estradiol. Androgens serve different functions at 
different stages of male development and have clear 
therapeutic uses in the treatment of hypogonadism, 
growth retardation, breast carcinoma, and osteoporosis. 
The actions of androgens are mediated through AR. 21-23 
Compounds that block the action or synthesis of andro- 
gens have proven useful in treatment of diseases such 
as prostate cancer, prostatic hypertrophy, hirutism, 
male pattern baldness, and acne. Among the most 
potent orally active anti-androgens (Figure 7) is cypro- 
terone acetate. This compound possesses progestational 
activity and suppresses the secretion of gonadotrophins, 
both of which are unwanted side effects. Other anti- 
androgens include flutaroide, a prodrug for the active 
metabolite, 2-hydroxyflutamide, 77 casodex, 78 and an 
analogue of nilutamide. 79 

Glucocorticoids and mineral ocorticoide are steroid 
hormones produced by the adrenal cortex. Glucocorti- 
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Figure 10. Vitamin D receptor agonists. 

coids influence almost every organ and tissue in the 
body, affecting responses as diverse as behavior, im- 
mune function, and carbohydrate metabolism. Cortisol 
is the most potent naturally occurring glucocorticoid and 
stimulates or inhibits various biological functions. Syn- 
thetic glucocorticoid agonists can be divided into two 
groups: (i) 4-pregnene or 4-androstenc derivatives and 
(ii) derivatives of Cortisol or dexamethasone (Figure 8). 
It is not surprising, when the many actions of the 
glucocorticoids are considered, that these compounds 
actually have mixed agonist-antagonist activities when 
examined in vivo. 

Mineralocorticoids (Figure 9) such as aldosterone 
regulate electrolyte balance in the kidneys, salivary 
glands, sweat glands, and gastrointestinal tract. Al- 
dosterone acts by altering the ATP-dependent mem- 
brane transport of sodium and potassium ions. The 
action of aldosterone is inhibited by spironolactone and 
progesterone. Both act as competitive inhibitors of 
aldosterone by forming ligand -receptor complexes that 
are inactive. 

A vitamin D 3 precursor is photochemically synthe- 
sized in the skin from 7-dehydrocholesterol and then 
undergoes a hydrogen shift to become vitamin D3. As 
with hormones secreted by endocrine glands, this prod- 
uct is transported in the blood to distal sites where it is 
metabolized to the hormonally active form, calcitriol 
(la,25-dihydroxyvitamin D3, Figure 10), which then 
affects target tissues through interaction with the VDR, 
eventually resulting in increased plasma calcium con- 
centrations. The conversion of vitamin D 3 to calcitriol 
occurring in the kidney is regulated by a negative- 
feedback control involving free calcium concentrations 
in the plasma. 
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The role of calcitriol in controlling the expression of 
a broad spectrum of genes is becoming increasingly 
evident. In addition to its active role in calcium 
homeostasis, calcitriol regulates genes associated with 
cell growth and tissue-specific structure. It is also 
responsible for maintaining the precise control of the 
concentration of calcium and phosphate ions in the 
plasma by modulating their absorption from the small 
intestine, enhancing their mobilization from bone and 
altering their excretion via the kidney. A growing body 
of evidence indicates that calcitriol also plays a role in 
the control of proliferation and differentiation of several 
cell types including epidermal keratinocytes. This effect 
of VDR agonists on skin has been utilized clinically in 
the treatment of psoriasis. Vitamin D analogues are 
also capable of causing differentiation of malignant cells, 
driving interest in VDR agonists in the treatment of 
leukemias and breast cancer. 

All of the genomic effects of calcitriol are mediated 
by the VDR, which has been characterized biochemically 
from a number of tissues derived from many different 
animal species. There is evidence that certain rapid 
effects of vitamin D may reflect direct non-VDR-medi- 
ated actions at the plasma membrane. One compound 
that displays tissue-selective VDR agonist action is MC 
903 (Figure 10), 80 which mimics the effects of vitamin 
D 3 on skin without increasing plasma calcium concen- 
trations. It is not presently clear to what extent the 
tissue-selective actions of compounds such as MC 903 
reflect intrinsic pharmacodynamics or pharmacokinetics 
or differential drug distribution. There is potential for 
other such tissue-specific vitamin D3 partial mimics in 
the treatment of various skin diseases and cancers. 

II- Intracellular Receptor Subtype Selective 
Compounds. Vitamin A (retinol) is derived exclusively 
from the diet as preformed retinol, retinyl esters, or 
carotenoids (provitamin A) and is stored primarily in 
liver as retinyl esters. Like vitamin D3, retinol is 
transformed in the body to a variety of active metabo- 
lites that play important roles in several diverse cellular 
processes, including embryonic development, vision, 
reproduction, bone formation, hematopoiesis, metabo- 
lism, cellular differentiation, cellular proliferation, and 
programmed cell death. 81 

Retinal (vitamin A aldehyde) is required for retinal 
function. Other vitamin A derivatives, including all- 
rrans-retinoic acid (ATRA or vitamin A acid), play an 
essential role in growth and differentiation of epithelial 
tissue and are necessary for reproduction, embryonic 
development, and bone growth. These actions of ATRA 
and related retinoic acid isomers (i.e., 9-cis-KA, dis- 
cussed below) are mediated by RA IRs, which regulate 
gene expression. 82 

The profound effect s of retinol metabolites on cellular 
differentiation and proliferation have spurred the syn- 
thesis of thousands of RA analogues (retinoids) with 
potential use in a variety of skin disorders and malig- 
nant disease. Presently, the naturally occurring retin- 
oids (Figure 11) ATRA (an active hormone) and 13-cis- 
RA (most likely acting by giving rise to ATRA and 
possibly 9-cis-Ra) are used for the treatment of severe 
acne, while synthetic etretinate is prescribed for severe, 
refractory psoriasis. More recently, ATRA and 13-cis- 
RA have shown promise in the control of cancers or 
precancers such as acute promyelocytic leukemia, 83 head 
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and neck cancer, 84 and cervical dysplasia, 85 either as 
single agents or in combination with other agents such 
as interferon ol Other synthetic retinoids are in various 
stages of development for treatment of cancer and skin 
diseases, including AM4-hydroxyphenyl)retinainide (4- 
HPR), which is in phase II trials as a chemopreventive 
agent in breast cancer treatment. 86 Retinumide is likely 
a prodrug for ATRA. 

Unfortunately, widespread clinical use of the cur- 
rently available retinoids is limited by undesirable side 
effects. These include mucocutaneous irritation, eleva- 
tions in plasma triglycerides, headache, bone toxicity, 
and teratogenicity. The many diverse actions of retin- 
oids, both desirable and undesirable, arise through 
activation of multiple retinoid receptor subtypes; thus 
retinoids with receptor subtype selectivity may have 
improved therapeutic indices. 

To date six ER subtypes (or isoforms) that can be 
activated by ATRA in cells have been identified. 82 Each 
receptor is encoded by a separate gene. Three of these, 
RARa, and RARy, are close genetic homologues. 

ATRA binds directly to each of the RARs, leading to 
activation of the RARs as transcription factors. The 
remaining three IRs responsive in cell culture to ATRA 
are members of the retinoid X receptor subfamily and 
are designated RXRa, RXR/?, and RXRy. The RXRs are 
close genetic homologues of each other, but are less 



closely related to the RARs. Although the RXRs can 
be activated by ATRA in living cells, ATRA does not 
bind to the RXRs directly. ATRA activates RXRs 
indirectly upon conversion to 9-cw RA, the endogenous 
ligand for the RXRs, which binds to and activates both 
RXRs and RARs. 87 The pharmacological effects of 9-cis- 
RA, the first novel non-peptidyl hormone described since 
vitamin D 3 was discovered in 1968, imply possible utility 
in the treatment of cancer and skin diseases. Chemi- 
cally synthesized 9-cw-RA (LGD1057) is currently in 
clinical trials in oral and topical formulations for cancer 
indications. 

In addition to endogenous retinoids such as ATRA, 
9 -cis -retinoic acid and 13-cw-RA, synthetic, non-naturaJ 
retinoids with novel retinoid receptor subtype selectivity 
are emerging as potentially exciting drugs. Investiga- 
tors have used receptor binding and cotransfection 
assays to characterize known synthetic retinoids and 
newer analogues (Figure 12). Highly potent retinoids 
such as TTNPB and TTAB selectively activate the RAR 
subfamily but do not effectively distinguish among the 
isoforms. 88 Both AM-80 and AM-580 display selectivity 
for the RARa isoform, 89 while TTNN is representative 
of compounds selective for the RAR£ and RARy sub- 
types. 88 - 89 Phase III clinical trials for topical treatment 
of acne and psoriasis have been completed using AGN 
190,168, a novel RAR0- and RARy-selective compound. 90 
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CD 1530 is representative of structures reported to 
selectively activate the RARy subtype. 91 

Within the past 2 years, novel classes of RXR-selective 
retinoids have also been described. Both SRI 1217 and 
SRI 1237 display activation profiles for RXRa similar 
to that of 9-cis-RA at 100 nM. 92 Neither compound 
activates RAR subtypes. Recently, a potent series of 
RXR-selective retinoids was developed by capitalizing 
on the observation that incorporation of a methyl 
substituent at the 3-position of the tetrahydronaphtha- 
lene moiety of TTNPB results in a retinoid with modest 
activity at all RAR and RXR subtypes 93 A potent 
member of this new class, LGD1069, represents the first 
RXR-selective synthetic retinoid to enter clinical trials 
for the treatment of cancer. 

Several RAR-selective antagonists have also recently 
been described. A series of sulfone derivatives related 
to Ro 41-5253 exhibits selectivity for the RARa subtype 
(Figure 13). 94 Ro 41-5253 was shown to antagonize the 
teratogenic effects of the RARa- selective agonist AM- 
580 in rat limb bud cell cultures and in mice. Additional 
RAR antagonists include TD550, TD650, BIPh, and 
BIBn, which inhibit retino id-induced differentiation of 
human promyelocytic leukemia HL60 cells. 9 *- 96 As yet, 
no RXR-selective antagonists have been reported. 

Data now emerging support separable biological roles 
for the various RAR and RXR subfamilies and indi- 
vidual subtypes in the control of cell proliferation, 
differentiation, and programmed cell death (apoptosis). 
RAR-selective compounds are sufficient to stimulate 
replication of human cytomegalovirus (hCMV) and 
induce the differentiation of an embryonal cell line that 
supports the growth of hCMV 97 Further analysis of the 
pharmacological actions of the retinoids and identifica- 
tion of more selective analogues, in conjunction with 
studies using molecular and cellular biological ap- 
proaches, are driving elucidation of the biological roles 
of the retinoid receptor subtypes and the delineation of 
the potential therapeutical uses of receptor subtype 
selective retinoids. Additional synthetic retinoids with 
useful patterns of selective interaction with the RAR 
and RXR subtypes hold great promise as pharmacologi- 
cal tools for biological investigations and as novel 
pharmaceuticals. 
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The thyroid gland is the source of two different 
thyroid hormones. Thyroxine (T 4 ) and triiodothyronine 
(T3) 98 (Figure 14) are essential for normal growth and 
development and play an important role in controlling 
energy metabolism. Changes in the cardiovascular 
system are prominent consequences of the action of 
thyroid hormones. Stimulation of cholesterol metabo- 
lism to bile acids and lower plasma cholesterol levels 
result from elevated levels of thyroid hormones. A great 
many structural analogues of thyroxine have been 
synthesized in order to define structure— activity rela- 
tionships, detect antagonists of thyroid hormones, or 
find compounds exhibiting desirable activity with re- 
duced unwanted side effects. 

Three TR subtypes, TRal, TRa2, and TRfil, have 
been identified in human tissues. 99 A fourth receptor 
subtype, TR£2, was subsequently isolated from the 
rat 100 and has been identified in human tissues. 101 The 
expression of the different TR subtypes is regulated both 
transcriptionally and post-transcriptionally. Each mes- 
senger RNA encoding a TR subtype shows characteristic 
patterns of developmental, tissue-specific, and hormonal 
regulation. The complexity of the TRs and their differ- 
ing patterns of expression suggest that some of the 
myriad actions of thyroid hormone are mediated by 
specific TR subtypes. Such specific physiological roles 
of TR subtypes would imply better defined pharmaco- 
logical effects for thyroid hormone agonists with TR 
subtype selectivity. 

For other hormones of medical importance, including 
glucocorticoids and estrogens, receptor subtypes have 
not yet been identified, although in some senses MR can 
be thought of as a GR subtype at sites outside the 
kidney. Among the many orphan receptors (see below) 
and novel IRs that continue to be identified, currently 
unrecognized IR subtypes for known hormones may 
await identification. 

III. Orphan Receptors. The ongoing discovery of 
orphan IRs continues to expand the list of superfamily 
members. The various orphan receptors are likely to 
play important functional roles, since (i) their sequences 
are highly conserved in mammals and even between 
phyla, (ii) they often have restricted spatial and tem- 
poral patterns of expression, (hi) transgenic animals in 
which various orphan receptors have been "knocked out" 
show functional impairment or lethality, and (iv) at least 
some of the orphan IRs can be implicated in the control 
of Bpecific promoters (for example, hepatic nuclear 
factor-4 [HNF-4]). For the most part, the functional 
roles of these orphan IRs in vivo remain unknown. It 
is likely that some of these orphan receptors represent 
the signal-transducing receptors for currently unchar- 
acterized endocrine, paracrine, or intracrine hormonal 
regulatory systems. Other orphans IRs may represent 
subtypes of receptors for known ligands. Thus the RXRs 
(originally considered orphans) bind and are activated 
by 9-cis-RA. 87 
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The restricted tissue distribution of some orphan IRs 
and the responses of these orphan receptors to known 
pharmacophores invite speculation about their possible 
functions. For example, orphan IRs, including chicken 
ovalbumin upstream promoter transcription factor 
(COUP-TF), 102 COUP-TF/3, 103 and HNF-4, 104 and the 
three peroxisome proliferator activated receptor (PPAR) 
subtypes (PPARa, PPAR0 or NUC1, PPARy), 105 appear 
to be involved in the control of lipid, cholesterol, or 
lipoprotein metabolism, rendering them interesting 
from a pharmaceutical perspective. Known xenobiotics 
and drugs, such as the fibrate an tihyperlipi demies, 
which induce peroxisome proliferation, appear to act 
through PPARs. Other orphan receptors, eg., nerve 
growth factor induced-B (NGFI-B) 106 107 and the related 
Nur77 are expressed after cellular exposure to NGF or 
other growth factors and appear to influence cellular 
susceptibility to apo ptosis. Although their function 
remains to be elucidated, the thyroid-related (TR2) 
orphan IR 101 and its splice variants are expressed in a 
pattern essentially limited to the tissues of the geni- 
tourinary tract. Orphan IRs and other members of the 
superfamily also exhibit overlapping tissue and devel- 
opmental distribution together with overlapping speci- 
ficity for response elements within target genes. In 
these instances expression of target genes in a given 
tissue mauy be determined by interaction between 
members of the superfamily receptor complement present 
in that tissue. 

Additional complexity is added with the identification 
of a growing number of IR subfamily members, as 
exemplified by the retinoid receptor family. The RXR 
subfamily was the first retinoid-related subfamily to be 
identified. Members of this subfamily form heterodimers 
not only with the retinoid-related RARs, but also with 
other hormone-activated and orphan IRs including 
VDR, TR, and PPARs. Recently, the RAR-related 
orphan receptors (RORs) 108 and retinoid Z-related re- 
ceptors (RZRs) 109 were identified. The RORs share 
common DNA- and putative ligand-binding domains, 
but differ in the N-terminal domains that are generated 
by alternative RNA splicing. Different members of this 
subfamily show different binding affinity for the RAR- 
related orphan response element (RORE) and, as a 
result, are able to mediate both constitutive and low- 
level transcription activation of target genes. RZRa and 
although sharing a high degree of homology, have a 
different tissue distribution, with expression of RZRyS 
confined to brain tissue. The RZRs bind as monomers 
to natural and artificial retinoic acid response elements 
containing hexameric half-sites and are also able to form 
homodimers on selected response elements. 

Lastly, there are orphan IRs that appear to be 
constitutively active in the absence of added Uganda. 
These receptors may actually be responding to "intra- 
crine" small-molecule ligands such as metabolic inter- 
mediates, eg., certain fatty acids to which PPARs 
respond. It is not necessarily the case that all orphan 
IRs have activating endogenous ligands. For example 
receptors such as COUP-TF and PR (in some species) 
can be activated by phosphorylation of appropriate 
residues by protein kinase A; 110 the physiological and 
pharmacological relevance of such phosphorylation in 
modulation of IR activity remains to be definitively 
established. In any event the orphan IRs potentially 
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are novel targets for pharmaceutical intervention. The 
actualization of the potential inherent in the orphan IRs 
is a major challenge in IR-related drug discovery. 

STATs and Drug Discovery. In addition to the 
steroid and small molecule hormones that control gene 
expression through interactions with IRs, there are 
peptide and protein ligands in the systemic circulation 
that produce alterations in gene expression in their 
target cells to which they bind. Included in this class 
of proteins are the cytokines (e^. f the interferons and 
interleukins) and growth factors (e.g., epidermal growth 
factor). The modulatory proteins are collectively termed 
extracellular signaling proteins (ESPs). 4 ESPs cannot 
readily enter cells; they act by binding at the cell surface 
to specific receptors that span the cell membrane. Thus 
they can indirectly initiate a chain of events (character- 
ized only recently for a growing number of ESPs) that 
culminate in changes in the pattern of cellular gene 
expression. The exact changes elicited are characteristic 
for the inciting ESP stimulus. For example, after a cell 
is exposed to interferon-a, specific genes are expressed 
yielding proteins that (i) render the cell more resistant 
to viral infection and (ii) reduce the rate at which the 
cell proliferates. These specific changes in gene expres- 
sion following exposure of cells to ESPs are in many 
cases mediated by members of a newly discovered 
transcription factor superfamily called STATs. 4 

The STATs characterized to date range in molecular 
mass from roughly 80 to 1 13 kDa and are not genetic 
homologues of any other known group of proteins. 
Among the ESPs, which at least in part appear to exert 
their effects on cells through specific STATs, 111 are the 
interferons (IFNs) [IFNa, and -y]; the colony- 
stimulating factors (CSFs) [erythropoietin (Epo), granu- 
locyte colony-stimulating factor (G-CSF), macrophage 
colony-stimulating factor (M-CSF), and granulocyte 
macrophage colony-stimulating factor (GM-CSF), and 
probably the recently described thrombopoietin (Tpo)}; 
various interleukins (ILs) [IL-2, IL-3, IL-4, IL-5, IL-6, 
IL-7, IL-9, IL-10, IL-11, IL-12, IL-131; various growth 
factors [including epidermal growth factor (EGF), plate- 
let-derived growth factor (PDGF), oncostatin-M (On- 
coM), leukemia inhibitory factor (LIF), and ciliary 
neurotrophic factor (CNTF)]; and several peptidyl hor- 
mones [eg., growth hormone (GH) and prolactin!. 

The identification of the first STATs 4 112 led to the 
elucidation of the biochemical events that mediate the 
changes in gene expression in response to interferons. 
Surprisingly, there is an underlying unity in the way 
that many additional ESPs, with their myriad of 
distinctive biological effects, act to control gene expres- 
sion after binding to their cell surface receptors. In 
response to an ESP stimulus, specific STAT proteins are 
phosphorylated on tyrosyl residues within minutes after 
the binding of the ESP to its cell-surface receptor. This 
phosphorylation of STAT proteins is mediated by spe- 
cific kinases called Janus kinases, or JAKs (see below) 
and results in their conversion from latent to active 
transcription factors. 

To date, six different STAT family members (STATs 1, 
-2,-3,-4,-5, -6) have been discovered, and as shown in 
Table 2 the cytokines that activate all of these STATs 
have been identified. However, it is highly likely that 
additional STATs will be found that participate in signal 
transduction of still other cytokines. 
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Table 2. Cytokines Utilising the JAK/STAT Pathway 
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0 A question mark (?) indicates that JAK activation has not been 
reported. 



The colony- stimulating factors and interleukin-3 pro- 
mote the growth of specific cell lineages within the bone 
marrow, giving rise to the mature cell types found in 
the blood. GM-CSF and G-CSF are currently used 
following cancer chemotherapy to increase the speed 
with which the white blood cell counts return to levels 
that are protective against infection or to facilitate the 
process of bone marrow transplantation in cancer 
patients. Epo has been extraordinarily successful in 
treatment of anemia due to renal failure. Interferon-/? 
is used in the management of relapsing multiple scle- 
rosis. Interferon-a is one of the cytokines produced by 
cells in response to viral infection. Recombinant IFN-a 
has been successfully utilized in the treatment of 
infectious hepatitis, hairy cell leukemia, and other 
cancers. The clinical utility of a variety of other 
cytokines is currently being assessed. The definition 
of the mechanisms by which the JAKs and STATs are 
activated and an understanding of their role in ESP 
signal transduction present new opportunities to dis-. 
cover orally bioavailable Bmall molecule drugs mimick- 
ing or blocking medically important ESPs. 

Mechanism of J AK/ST AT-M e di a t ed Signal 
Transduction 

After an ESP binds to its cognate receptor, a cascade 
of events is initiated that leads to modulation of gene 
expression. The primary driver of this cascade appears 
to be protein phosphorylation. Receptor occupancy, 
probably through receptor dimerization, leads to changes 
in the cytoplasmic domain of the receptor that are 
"recognized" intracellularly. Evidence indicates that the 
altered receptor cytoplasmic domain becomes an effec- 
tive "docking platform" for the appropriate members of 
a tyrosine protein kinase family known as the "Janus 
kinase" or JAK family 113-115 and/or members of the 
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STAT family of latent transcription factor subunits. 
Assembly of an appropriate complex of JAKs and STATs 
anchored to the cytoplasmic domain of various ESP 
receptors results in tyrosyl phosphorylation and bio- 
chemical activation of particular JAKs. The activated 
JAKs then phosphorylate a subset of STAT proteins at 
a specific tyrosyl residue. 

Although some receptors that utilize the JAK/STAT 
signaling pathway have intrinsic tyrosyl kinase activity 
(e^., receptors for EGF and PDGF), most of these 
receptors do not. Furthermore all STAT phosphoryla- 
tion is thought to be dependent upon the JAK kinases 
that associate noncovalently with the cytoplasmic do- 
mains of various ESP receptors. The receptors for ESPs 
are diverse and, with the exception of those for tumor 
necrosis factor (TNF) and IL-1, all seem to couple to the 
STAT signaling pathway through JAK activation. Re- 
ceptors that bind ESPs as single chains (eg., receptors 
for growth hormone, Epo, prolactin, and G-CSF) dimer- 
ize after ESP binding. This dimerization appears to 
lead to localization and activation of particular JAKs. 
Receptor multimerization also appears to be involved 
in JAK activation by ESPs that bind receptors with 
multiple chains. The receptors for one group of cyto- 
kines (IL-3, GM-CSF, and IL-5) are formed from differ- 
ent a chains and a common p chain. JAKs interact with 
the fi chain. Lastly, there are cytokines (IL-6, LIF, 
OncoM, and CNTF) whose receptors are composed of 
specific a chains and a common protein component 
termed gpl30. The action of these ESPs depends upon 
oligoraerization of the gpl30 summit, which associates 
with specific JAKs, to activate the STAT signaling 
pathway. 

Tyrosyl-phosphorylated STATs assemble into multi- 
meric complexes, apparently stabilized by intermolecu- 
lar interactions between arc homology 2 (SH2) do- 
mains 112116 and phosphorylated tyrosyl residues within 
the STATs. SH2 domains, originally defined based on 
the src oncogene, are involved in binding to phospho- 
tyrosine residues. A central region in the SH2 domain 
that includes the arginine residue that directly binds 
to phosphotyrosine is completely conserved among the 
STAT proteins. Different specific STAT complexes 
appear to be induced in response to different ESPs. 
These STAT-containing complexes move from the cyto- 
plasm into the nucleus. Once in the nucleus, activated 
STAT complexes bind to specific response elements in 
the promoters of genes responsive to that ESP, acting 
as biochemically active transcription factors. Following 
ESP activation of JAK/STAT signaling, the cascade of 
events appears to be negatively regulated by the action 
of protein tyrosyl phosphate phosphatases. An impor- 
tant role for protein tyrosyl phosphate phosphatases in 
limiting ESP-mediated responses is implied by the 
ability of the protein phosphatases inhibitor vanadate 
to activate JAK/STAT-mediated transcription. 117 

JAK/STAT-mediated changes in the pattern of gene 
expression lead to alterations in levels of corresponding 
encoded proteins and therefore to altered cell function. 
As with hormone-induced IR-mediated changes in gene 
expression, the consequences of STAT signal transduc- 
tion show a gradual onset (minutes to hours) and can 
last a relatively long time (hours to days). The STATs 
therefore exert their activity in a manner analogous to 
that of the IRs: the STATs transduce ESP signals that 
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Figure 15. The signal transduction pathway utilized by interferon^ tlFN-r). Binding of IFN-y to the IFN-y receptor causes 
multimenzation of the receptor and activation of MKl and JAK2. These activated JAKs phosphorvlate STATl. This leads to 
formation of the active transcription factor. After entering the nucleus, the STATl homodimer recognizes the IFN-y activation 
sequence (GAS) in the promoters of I FN responsive genes and enhances transcription of those genes. 



control gene expression, and the IRs serve a similar role 
for the non-peptidyl hormones. 

The signal transduction pathway utilized by [FN-}' 
is shown in Figure 15. As described above, the first step 
in IFN-v signal transduction is the binding of IFN-y to 
its cell surface receptor. Receptor binding results in 
receptor oligomerization (a simplified depiction is shown 
in Figure 15), leading to activation of the receptor- 
associated JAKs, presumably by cross-phosphorylation. 
The receptor cytoplasmic domain is then in turn phos- 
phorylated on tyrosine, presumably by the JAKs them- 
selves. A single phosphorylated tyrosine residue on the 
receptor serves as a docking site for STATl (via its SH2 
domain); STATl then becomes phosphorylated on a 
specific tyrosyl residue, again presumably via the 
JAKs. n * The phosphorylation of this STAT leads to its 
dimerization, yielding on active transcription factor. The 
STATl dimer can then move into the nucleus and bind 
to a DNA sequence element, known as an IFN-y 
activation sequence (GAS), in the promoter of IFN-y 
responsive genes. Binding of the STATl dimer to the 
promoter of these genes causes transcriptional activa- 
tion in a manner analogous to the IRs. Although IFN- 
a-induced signal transduction is very similar to that of 
IFN-y, the STATs activated are different as is the 
makeup of the DNA binding complex. Thus, IFN-a 
treatment leads to activation of JAKl and tyk2 and - 
phosphorylation of STATl and STAT2. Unlike IFN-y 
und moBt other cytokines, the IFN-a-induced multimeric 
complex, termed interferon-stimulated gene factor-3 
USGF3) 411 * also includes a DNA-binding protein, termed 
p48, that is not a STAT family member. In the absence 
of the activated STAT components, p46 shows only weak 
DNA binding. The ISGF3-STAT complex moves into 
the nucleus, specifically recognizes IFN-a stimulated 
response elements USREs) within the promoters of 



genes responsive to IFN-a, and enhances the transcrip- 
tion of those genes. 

The STATs and JAKs implicated in signal transduc- 
tion of a variety of ESPs are shown in Table 2. Although 
there is significant overlap in the STATs participating 
in complexes induced by different ESPs. it is believed 
that selective action of a single ESP is obtained based 
upon the STATs and accessory proteins such as p48 
forming the active complex, the overall transcription 
factor pool within the specific cell type, the precise 
nature of the STAT response element, 120 and the 
promoter context in which the STAT response element 
resides. 

Discovery of Drugs Modulating ESP Action 

Administration of specific ESPs (e^.. Epo, G-CSF, 
GM-CSF), various interferons, or IL-2 can have a 
medically beneficial effect. The therapeutically useful 
ESPs are often relatively difficult and expensive to 
manufacture, and they must be administered parenter- 
al^ and frequently. In some pathological conditions, 
it may be highly desirable to specifically inhibit the 
actions of individual ESPs. Currently there are no 
small-molecule drugs known to act by directly modulat- 
ing ESP-induced JAK/STAT-mediated signal transduc- 
tion. However, the known physiological and pharma- 
cological activities of many of the ESPs and their putative 
roles in the pathophysiology of various diseases suggest 
possible utilities for small-molecule ESP antagonists. 
Examples include possible use of interleukin or inter- 
feron antagonists in the treatment of inflammation or 
CSF inhibitors in treatment of leukemias. 

A variety of assays can be considered in the construc- 
tion of screens for compounds capable of modulating 
ESP-signaling pathways. Among these is a cellular 
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Figure 16. Inhibitor of epidermal growth factor receptor 
tyrosine kinase. 

transcriptional assay similar to that used for intracel- 
lular drug discovery. In this approach a cellular back- 
ground that harbors the required components of the 
signaling pathway could be used (e^., ESP receptor, 
JAKs, STATs, and tyrosine kinase phosphatases); al- 
ternatively, plasmid constructs capable of expressing 
one or more of the components of the signaling pathway 
{eg., ESP receptors, JAKs, or STAT components) can 
be introduced into the cell. A plasmid consisting of a 
promoter containing a STAT response element control- 
ling transcription of a reporter gene such as luciferase 
is then introduced into the cell. Alteration in reporter 
gene transcription is then used to monitor the efficacy 
and potency of compounds tested in the screen. 

Second, enzymatic assays for selected kinases and 
phosphatases can be established to identify com- 
pounds 121 capable of directly affecting the activity of 
these critical components of the signaling pathway. In 
this regard, a very potent and selective inhibitor of the 
intrinsic tyrosine kinase activity of the EGF receptor 
has been identified 122 (Figure 16), suggesting that 
sufficient structural heterogeneity may exist among 
tyrosine kinases to allow the discovery of selective and 
potent kinase inhibitors. 

Finally, assays can be established that assess physical 
interactions of the components of the signaling pathway. 
These could include the interaction between the ESP 
receptor and the appropriate JAKs, the receptor and 
STATs, JAKs, and STATs, and homodimeric or het- 
erodimeric STAT complexes. 

Each of these approaches has potential advantages 
and disadvantages, but all could be used to identify 
novel small molecules capable of modulating the signal 
transduction pathway induced by selected ESPs. Drug 
discovery opportunities in this area are rapidly emerg- 
ing. Small-molecule agonists could act in a variety of 
steps in the signaling pathway, including inhibition of 
phosphatase activity or stabilization of interactions 
between the various components of the pathway. The 
evidence cited above demonstrating that vanadate 
induces transcriptional activation of an ESP response 
element in the absence of the ESP suggests that JAK/ 
STAT pathways are kept quiescent by the continuous 
action of protein tyrosyl phosphate phosphatases. Any 
compound that perturbs the activity or localization of 
these phosphatases would be expected to activate the 
pathway. In addition, nuclear protein tyrosyl phosphate 
phosphatases may be involved in the inactivation of 
phosphorylated STATs. Compounds that act by stabi- 
lizing protein-protein interactions, such as the immune 
suppressants cyclosporin and FK506 are precedents for 
the sorts of compounds that might stabilize STAT 
complexes. 

Small-molecule ESP agonists could be therapeutically 
valuable in a variety of important disease states, for 
example by replacing (i) Epo for treatment of anemia; 
(ii) G-CSF, GM-CSF or Tpo as an adjunct to cytotoxic 
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cancer chemotherapy; (iii) IFN-a for induction of an 
antiviral state to treat infectious hepatitis; (iv) IL-2 or 
IFN-a for cancer therapy; and (v) growth hormone. 

ESP antagonists could also act at several different 
points in the STAT-signaling pathway. These include 
binding to the cell-surface receptor, disrupting physical 
interactions that lead to receptor dimerization, prevent- 
ing interactions between JAK and STAT molecules, 
interfering with interaction between JAK/STAT com- 
plexes and the general transcription complex, and 
specifically inhibiting JAK activity. 

Antagonists of ESP signaling could be useful in 
inflammatory disease exacerbated by a variety of ESPs 
including the interferons IL-2, IL-4, and 11-6. IL-2 
antagonists could be used in immunosuppressive therapy 
for graft rejection while an IL-4 antagonist could reduce 
allergic symptoms. EGF or PDGF antagonists have 
potential utility in treatment of growth factor dependent 
cancers. Thus, multiple drug discovery opportunities 
are represented by modulation of ESP action through 
the JAK/STAT signaling pathway. 

Future Aspects 

The progress made in understanding the mechanisms 
through which extracellular signals, such as hormones 
and cytokines, act to effect gene transcription has 
provided many new and interesting avenues for devel- 
opment of therapeutically important small-molecule 
drugs. As these signal transduction pathways are 
dissected further, the importance of receptor conforma- 
tion, receptor interactions with accessory proteins, the 
roles of different subclasses of receptors, interactions 
between different IRs, and the role of orphan receptors 
in determining the specificity of the action of extracel- 
lular signals will become clear. Elucidation will poten- 
tially provide still more exciting routes for development 
of small-molecule drugs tailored to evoke a highly 
specific response. 

Long-term therapy with known IR modulators is 
associated with detrimental side effects that limit their 
use. Definition of the consequences of ligand binding, 
in terms of alteration of receptor conformation, may be 
the key to overcoming this problem. Alterations in 
receptor conformation will affect both activation of 
specific transactivation domains within the receptor and 
interaction of these domains with other proteins re- 
quired for transcription initiation. The development of 
screens that detect specific alterations in receptor 
conformation is critical to the identification of com- 
pounds with selective activity. 

One approach is the use of assays that identify 
compounds capable of activating only a subset of recep- 
tor transactivation domains. Identification of cells and/ 
or mutant receptors capable of distinguishing com- 
pounds that activate via specific transactivation domains 
can lead to the discovery of agonists or partial agonists 
with selective activity. The validity of this approach has 
been demonstrated for ER and may extend to other IRs. 
Alternatively, as we gain understanding of the role 
played by accessory factors in the regulation of tran- 
scription, assays designed to directly measure produc- 
tive interaction between these factors and the IRs may 
aid in the identification of new classes of selective 
compounds. Recently, accessory proteins have been 
identified that associate with a number of different IRs. 
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These include the estrogen receptor associated proteins 
(ERAPs), 75 additional ER-associated proteins that are 
involved in the modulation of ER activity, the triiodo- 
thyronine receptor auxiliary protein (TRAP), 123 and the 
110 kDa receptor accessory factor (RAF) 124 associated 
with AR. As theBe and additional, yet to be discovered, 
factors are characterized and their tissue distributions 
are determined, their physiological significance can be 
elucidated. Both functional and biochemical assays 
dependent on these proteins can then be established and 
used to discover compounds with selective therapeutic 
action. 

The growing number of IRs with related subtypes 
provides another means to discover selective small- 
molecule modulators. To date, four distinct subfamili- 
ties of the retinoid receptor family have been identified: 
RAR, RXR, ROR, and RZR. Each of these subfamilies 
contains a variable number of subtypes: three RARs, 
three KXRs, two RZRs, and two RORs. Subfamily- 
selective compounds, as well as pan agonists, for the 
RARs and RXRs have been identified. A variety of 
assays have demonstrated that retinoid subtype -selec- 
tive compounds lead to different pharmacologies. By 
exploiting the existence of subtypes in other IR families, 
compounds may be found that also exhibit differences 
in pharmacology. The TR and PPAR receptor families 
both provide exciting targets with potential utility in 
the treatment of cardiovascular disease and obesity. 
Since fibrates, which are currently used to reduce 
triglycerides, modulate the activity of PPARs, more 
selective compounds may give cleaner pharmacology. 
PPARy is activated during the differentiation of adipo- 
cytes; modulating its activity may be important in 
controlling obesity. Thyroid hormone is clearly impli- 
cated in thermogenesis, a critical control point in fat 
deposition and use. In addition, thyroid hormone 
deficiency leads to elevated serum lipid levels that can 
be corrected by replacement therapy. The limited use 
of thyroid hormone in normal individuals due to its 
associated side effects may be overcome through the 
development of receptor-selective compounds. 

The interaction between ligand-bound receptors and 
response elements in target genes may provide another 
means through which selectivity can be achieved. In 
general, target genes regulated by binding of the RARs 
and RXRs contain response elements that consist of two 
directly repeated half-sites. Recent studies have shown 
that RXR/RAR heterodimers activate transcription in 
response to all-trans-RA or 9-cis-RA by binding to direct 
repeats separated by five base pairs (termed a DR5 
element) such that RAR occupies the downstream half- 
site. RXR homodimers activate transcription in re- 
sponse to 9-cis-RA by binding to direct repeats separated 
by one base pair (a DR1 element). RAR/RXR het- 
erodimers can also bind to DRl elements, with greater 
affinity than the RXR homodimer; however, in most 
contexts RAR/RXR heterodimers are unable to activate 
transcription in response to either all -trans -RA or 9-cis- 
RA. Thus, RARs appear to inhibit RXR-dependent 
transcription from these sites. RAR can be switched 
from a retinoid-dependent activator to an inhibitor when 
it occupies the upstream half-site of the DRl element. 
These findings regarding the interaction between the 
ligand-bound receptors and their response elements 
clearly demonstrate that receptor conformation and 
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binding characteristics can be manipulated to alter the 
physiological outcome of receptor binding. 

Not only is tissue distribution of the receptor itself a 
factor in restricted activity but also the availability of 
heterodimeric partners is critical in determining recep- 
tor activity. The role of heterodimer formation between 
subfamily members of the same IR family in the 
regulation of target genes has been demonstrated. A 
body of evidence now exists indicating that heterodimer 
formation between different intracellular families also 
plays an important role in the regulation of gene 
expression. The receptor complement of a particular cell 
or tissue type will therefore determine not only the 
response mediated by a given IR family, but may also 
significantly affect responses mediated by other intra- 
cellular superfamily members. As the role of het- 
erodimer formation between superfamily members is 
examined, the tools developed will allow us to monitor 
these interactions, which in turn will enable identifica- 
tion of new drug targets. 

Lastly, one of the most promising avenues for selec- 
tive small-molecule drugs is the identification of modu- 
lators of the growing number of orphan receptors. The 
orphan receptors' tissue distributions and patterns of 
interactions with other IRs indicate that they play 
important roles in the regulation of gene transcription. 
Defining their physiological roles is the first step in 
exploiting these receptors for drug discovery. Identifi- 
cation of ligands, determination of their effects in vivo, 
and production of transgenic mice in which the gene for 
the orphan receptor is knocked out or overexpressed are 
ways that this can be accomplished. 

The complexity of signal transduction pathways for 
IR ligands and for extracellular signaling proteins, such 
as the cytokines, can lead to the discovery of small- 
molecule modulators via numerous routes. The future 
challenge resides in the dissection of these pathways 
and in determining the optimal points of intercession 
for useful therapeutic outcome. For the IRs, this will 
require greater understanding of the proteins that 
transmit information from the IRs to the general 
transcription apparatus. A greater understanding of 
the role of IR phosphorylation may also be useful in the 
identification of new and useful targets for drug dis- 
covery. For the JAK/STAT pathways, further insight 
into the selective modulation of the activity of specific 
kinases and phosphatases, as well as the myriad 
protein— protein and protein- DN A interactions involved 
in signal transduction will be required. The ability to 
identify small molecules that modulate these activities 
in the IR and JAK/STAT pathways depends greatly 
upon the development of high-throughput screens based 
upon molecular insights into their mechanisms of action. 
Although thiB review describes drug discovery ap- 
proaches based upon modulation of transcriptional 
activity, additional targets for modulation of steroid 
hormone action have been identified, particularly the 
steroid metabolizing enzymeB that are known to both 
activate and inactivate receptor ligands. 

Conclusion 

From the perspective of drug discovery, the parallels 
between IR and STAT signal transduction are clear. 
Both the STATs and the IRs are latent transcription 
factors activated by cellular exposure to relevant ligands. 
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High-throughput, cell-based screens using reporter 
enzymes can be constructed in which the consequences 
of transcriptional modulation by potential small mol- 
ecule agonists of STATs and IRs can be readily assessed. 
The structures of the reporter plasmids used in the IR 
and STAT assays are also similar. Each is composed 
of a reporter enzyme gene under the transcriptional 
control of a response element in the context of a minimal 
or naturally responsive promoter. These screens have 
demonstrated untility in IR drug discovery. The dis- 
covery of the JAK/STAT-signaling pathway presents an 
exciting approach to cytokine-related drug discovery 
that can yield small-molecule agonists and antagonists 
with patentability, oral bioavailability, and ease of 
manufacture. The drug discovery strategies described 
in this review are designed to identify compounds with 
novel and therapeutically useful properties. 
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Label and Approval History 

Drug Name(s) TESTODERM (Brand Name Drug) 

FDA Application No. (NDA) 019762 
Active Ingredients) TESTOSTERONE 
Company ALZA 

Label Information 



Go to Approval History 



What information does a label include? 
Note: Not all labels are available in electronic format from FDA. 



Labels are not available on this site for TESTODERM, NDA no. 019762 



Approval History 

Note: Not all reviews are available in electronic format from FDA. 
Older labels are for historical information only, and should not be used for clinical purposes. 
Action dates can only be verified from 1984 to the present 



Action 
Date 


Supplement 
Number 


Approval 
Type 


Letters, 

Reviews, 

Labels, 

Patient Package Insert 


Note 


12/17/1997 


005 


Control Supplement 




This supplement type does 
not usually require new labeling. 


05/12/1997 


004 


Control Supplement 




This supplement type does 
not usually require new labeling. 


06/26/1996 


001 


Formulation Revision 




Label is not available 
on this site. 


05/26/1996 


002 


Labeling Revision 




Label is not available 
on this site. 


10/12/1993 


000 


Approval 




Label is not available 
on this site. 
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Label and Approval History 

Drug Name(s) ANDRODERM (Brand Name Drug) 

FDA Application No. (NDA) 020489 
Active Ingredients) TESTOSTERONE 
Company WATSON LABS 

Label Information 



Go to Approval History 



What information does a label include? 
Note: Not all labels are available in electronic format from FDA. 



Labels are not available on this site for ANDRODERM, NDA no. 020 489 

Approval History 

Note: Not all reviews are available in electronic format from -FDA. 
Older labels are for historical information only, and should not be used for clinical purposes. 



Action 
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Supplement 
Number 


Approval 
Type 


Letters, 

Reviews, 

Labels, 

Patient Package Insert 


Note 


1 1/27/2002 


011 


Formulation Revision 




Label is not available 
on this site. 


08/09/2002 


010 


Labeling Revision 


Letter & 


Label is not available 
on this site. 


01/15/2002 


007 


Labeling Revision 


Letter 


Label is not available 
on this site. 


10/24/2000 


009 


Manufacturing Change or 
Addition 




This supplement type does 
not usually require new labeling. 


07/13/2000 


008 


Control Supplement 




This supplement type does 
not usually require new labeling. 


10/09/1998 


006 


Formulation Revision 




Label is not available 
on this site. 


06/29/1998 


005 


Control Supplement 




This supplement type does 
not usually require new labeling. 


03/18/1998 


004 


Labeling Revision 




Label is not available 
on this site. 


05/02/1997 


003 


Control Supplement 


Review & 


This supplement type does 
not usually require new labeling. 


04/22/1991 


002,: 


Package Change 




Label is not available 
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Labeling Revision 




Label is not available 
on this site. 


09/29/1995 
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Approval 




Label is not available 
on this site. 
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Label and Approval History 

Drug Name(s) ANADROL-50 (Brand Name Drug) 

FDA Application No. (NDA) 016848 
Active Ingredients) OXYMETHOLONE 
Company UNIMED PHARMS 

Label Information 



Go to Approval History 



What inf ormation does a label Include? 
Note: Not all labels are available in electronic format from FDA. 



View the label approved on 08/2572004 >k for ANADROL-50, NDA no. 016848 

• To see older, previously-approved labels, go to the " Approval History " section of this page. 
Older labels are for historical information only and should not be used for clinical 
purposes. 



Approval History 

Note: Not all reviews are available in electronic format from FDA. 
Older labels are for historical information only, and should not be used for clinical purposes. 



Action 
Date 


Supplement 
Number 


Approval 
Type 


Letters, 

Reviews, 

Labels, 

Patient Package Insert 


Note 


08/25/2004 


021 


Labeling Revision 


Label & 
Letter & 




11/17/2003 


020 


Labeling Revision 


Letter 


Label is not available 
on this site. 


02/06/2002 


019 


Manufacturing Change or 
Addition 




This supplement type does 
not usually require new labeling. 


05/14/1997 


018 


Control Supplement 




This supplement type does 
not usually require new labeling. 


06/09/1994 


017 


Control Supplement 




This supplement type does 
not usually require new labeling. 


07/15/1993 


016 


Labeling Revision 




Label is not available 
on this site. 


07/15/1993; 


013 


Labeling Revision 




Label is not available 
on this site. 



http://ww_iacc^data^ 10/7/2005 



Drugs@FDA 



rage L oi z 



08/24/1992 


014 


Control Supplement 




This supplement type -dpes n s 

nnt i iqi mllv -rpnuirp npw lahplinn 
i usually I'Cvfuiic new laucui *y • 


02/18/1992 


015 


Labeling Revision 




Label is not available 
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08/14/1991 


012 


Labeling Revision 




Label is not available 
on inis sue. 


01/26/1990 


011 


Control Supplement 




This supplement type does 
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-08/25/1986 
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Labeling Revision 




Label is not available 

on thic Qitp 

VI 1 U 119 3HC. 


01/18/1983 


009 


Control Supplement 
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Labeling Revision 




Label is not available 
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Package Change 




Label is not available 
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004 


Control Supplement 




This supplement type does 
not usually require new labeling. 
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000 


Approval 




Label is not available 
on this site. 
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Label and Approval History 

Drug Name(s) TESTRED (Generic Drug) 

FDA Application No. (ANDA) 083976 
Active Ingredients) METHYLTESTOSTERONE 
Company VALEANT PHARM INTL 

Label Information 



Go to Ap proval History 



What information does a label include? 
Note: Not all labels are available in electronic format from FDA. 



Labels are not available on this site for TESTRED, ANDA no. 083976 

Approval History 



Note: Not all reviews are available in electronic format from FDA. 
Older labels are for historical information only, and should not be used for clinical purposes. 
Action dates can only be verified from 1984 to the present. 



Action 
Date 


Supplement 
Number 


Approval 
Type 


Letters, 

Reviews, 

Labels, 

Patient Package Insert 


Note 


1 1/27/2002 


027 


Labeling 




Label is not available 
on this site. 


08/18/1998 


026 


Chemistry 




Label is not available 
on this site. 


08/25/1997 


025 


Chemistry 




Label is not available 
on this site. 


08/25/1997 


024 


Chemistry 




Label is not available 
on this site. 


08/08/1994 


023 


Labeling in Effect 




Label is not available 
on this site. 


11/03/1992 


022 


Labeling in Effect 




Label is not available 
on this site. 


05/29/1992 


021 


Labeling 




Label is not available 
on this site. 


05/25/1989 


020 


Labeling 




Label is not available 
on this site. 


03/08/1983 


018 j 


Chemistry 




Label is not available 
on this site. 


12/03/1973=. 


000 


Approval 


-< 


Label is not available 
on this site. 
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Label and Approval History 

Drug Name(s) EULEXIN (Brand Name Drug) 

FDA Application No. (NDA) 018554 
Active Ingredient(s) FLUTAMIDE 
Company SCHERING 

Label Information 



Go to Approval History 



What information does a label include? 
Note: Not all labeis are available in electronic format from FDA. 



View the label approved on 07/23/2001 for EULEXIN, NDA no. 01 8554 

• To see older, previously-approved labels, go to the " Approval History " -section of this page. 
Older labels are for historical information only and should not be used for clinical 
purposes. 



Approval History 

Note: Not all reviews are available in electronic format from FDA. 
Older labels are for historical information only, and should not be used for clinical purposes. 



Action 
Date 


Supplement 
Number 


Approval 
Type 


Letters, 

Reviews, 

Labels, 

Patient Package Insert 


Note 


07/23/2001 


023 


Labeling Revision 


Label & 




03/30/2001 


022 


Labeling Revision 


Letter £r 
Review fe* 


Label is not available 
on this site. 


03/23/2001 


021 


Labeling Revision 


Letter & 
Review fe* 


Label is not available 
on this site. 


03/14/2001 


020 


Control Supplement 




This supplement type does 
not usually require new labeling. 


01/23/2001 


019 


Manufacturing Change or 
Addition 




This supplement type does 
not usually require new labeling. 


01/07/2000 


018 


Manufacturing Change or 
Addition 




This supplement type does 
not usually require new labeling. 


08/19/1999 


015 


Labeling Revision 




Label is not available 
on this site. 
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05/46/1898 


017 


Control Supplement 
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This supplement type does 
not usually require new labeling. 


11/12/1997 


016 


Control Supplement 




This supplement type does 
not usually require new labeling. 


08/30/1996 


004 


Control Supplement 




This supplement type does 
not usually require new labeling. 


06/21/1996 


014 


New or Modified Indication 




Label is not available 
on this site. 


11/15/1995 


013 


Manufacturing Change or 
Addition 




This supplement type does 
not usually require new labeling. 


09/15/1995 


012 


Labeling Revision 




Label is not available 
on this site. 


10/26/1994 


011 


Labeling Revision 




Label is not available 
on this site. 


07/22/1993 


008 


Manufacturing Change or 
Addition 




This supplement type does 
not usually require new labeling. 


07/29/1992 


002 


Manufacturing Change or 
Addition 




This supplement type does 
not usually require new labeling. 


05/18/1992 


009 


Manufacturing Change or 
Addition 




This supplement type does 
not usually require new labeling. 


09/19/1991 


010 


Labeling Revision 




Label is not available 
on this site. 


05/07/1991 


005 


Control Supplement 




This supplement type does 
not usually require new labeling. 


OQ/0^/1Q90 

U9/Uvf 1 www 


003 


Labeling Revision 




Label is not available 
on this site. 


10/17/1989 


001 


Labeling Revision 




Label is not available 
on this site. 


01/27/1989 


000 


Approval 




Label is not available 
on this site. 
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Label and Approval History 

Drug Name(s) CASODEX (Brand Name Drug) 

FDA Application No. (NDA) 020498 
Active Ingredient(s) BICALUTAMIDE 
Company ASTRAZENECA 

Label Information 



Go to Approval History 



What info rmation does a label include? 
Note: Not all labels are available in electronic format from FDA. 



View the label a pproved on 05/11/2005 for CASODEX, NDA no. 020498 

• To see older, previously-approved labels, go to the " Approval History " section of this page. 
Older labels are for historical information only and should not be used for clinical 
purposes. ; 



Approval History 

Note: Not all reviews are available in electronic format from FDA. 
Older labels are for historical information only, and should not be used for clinical purposes. 
Action dates can only be verified from 1984 to the present. 



Action 
Date 


Supplement 
Number 


Approval 
Type 


Letters, 

Reviews, 

Labels, 

Patient Package Insert 


Note 


05/11/2005 


016 


Labeling Revision 


Label 
Letter 




09/23/2002 


013 


Manufacturing Change or 
Addition 




This supplement type does 
not usually require new labeling. 


01/25/2002 


011 


Control Supplement 




This supplement type does 
not usually require new labeling. 


10/25/2001 


010 


Manufacturing Change or 
Addition 




This supplement type does 
not usually require new labeling. 


02/28/2001 


008 


Labeling Revision 


y 


Label is not available 
on this site. 


12/11/2000- 


007 


Manufacturing Change or 
Addition 




This supplement type does 
not usually require new labeling. 


11/04/1999 


005 


Manufacturing Change or 
Addition 




This -supplement type does 
not usually require new labeling. 
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New or Modified Indication 




Label is-nct available ■ 
on this site. 


11/12/1997 


003 


Control Supplement 




This supplement type does 
not usually require hew labeling. 


10/04/1995 


000 


Approval 




Label is not available 
on this site. 
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Topical Cyproterone Acetate Treatment 
in Women With Acne 



A Placebo-Controlled Trial 

Doris M. Gruber, MD; Michael O. Sator, MD; Elmar A.Joura, MD; Eva Maria Kohoschka, MD; 
Georg Heinze, MSc; Johannes C. Huber, MD, PhD 



Objective: To evaluate the clinical and hormonal re- 
sponse of topically applied cyproterone acetate, oral cy- 
proterone acetate, and placebo lotion in women with 
acne. 

Design: Placebo-controlled, randomized study. 

Setting: Patients were recruited from the Institute of En- 
docrine Cosmetics, Vienna, Austria. 

Patients: Forty women with acne. 

Interventions: Treatment with oral medication con- 
sisting of 0.035 mg of ethinyl estradiol and 2 mg of cy- 
proterone acetate (n = 12), 20 mg of topical cyproterone 
acetate lotion (n = 12), and placebo lotion (n=16) was of- 
fered. Patients were assessed monthly for 3 months. 

Main Outcome Measures: Clinical grading accord- 
ing to acne severity and lesion counts as well as deter- 
minations of serum cyproterone acetate concentrations. 



Results: After 3 months of therapy with topical cypro- 
terone acetate, the decrease of mean facial acne grade from 
1.57 to 0.67 was significantly better (P<.05) compared with 
placebo (which showed a change from 1.57 to 1.25), but 
not compared with oral medication (1.56 to 0.75) (P>.05). 
Lesion counts also decreased from 35.9 to 9.1 in the topi- 
cal cyproterone acetate group compared with oral medi- 
cation (45.4 to 15.5) (P>.05) and placebo (38.2 to 23.1) 
(P<.05). After topical cyproterone acetate treatment, se- 
rum cyproterone acetate concentrations were 10 times lower 
than those found after oral cyproterone acetate intake. 

Conclusions: The therapeutic effect of topically ap- 
plied cyproterone acetate for acne treatment was clearly 
demonstrated. Topically applied sexual steroids in com- 
bination with liposomes are as effective as oral antian- 
drogen medication in acne treatment, while reducing the 
risk of adverse effects and avoiding high serum cypro- 
terone acetate concentrations. 

Arch Dermatol 1998;134:459-463 



From the. Division of 
Gynecological Endocrinology 
and Reproductive Medicine 
(Drs Gruber, Sator, and 
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Gynecology and Obstetrics, 
Division of Gynecology 
(Dr Joura), Department of 
Dermatology (Dr Kokoschka), 
and Department of Computer 
Sciences (Mr Heinze), General 
Hospital, University of Vienna, 
Vienna, Austria. 



HORMONAL approaches to 
. the treatment of acne have 
been the subject of much 
interest ever since the se- 
baceous gland was dem- 
onstrated to be sensitive to androgens. The 
use of topical antiandrogens has had theo- 
retical appeal since the pilosebaceous unit 
was found to be an androgen-dependent 
structure. Unfortunately, however, this 
theory has not been translated into clinical 
practice. 

17P-Estradiol and progesterone have 
long been applied topically in the treat- 
ment of acne. The reasons for using topi- 
cal rather than oral therapy include the 
avoidance of hepatic metabolism, the re- 
duced risk of systemic adverse effects, the 
ability to combat acne in both female and 
male patients, and the lack of a contracep- 
tive effect in women. It is known that cy- 
proterone acetate is effective when given 
orally. However, trials using topical cypro- 
terone acetate have not proved successful 



because of the lack of a suitable vehicle for 
transdermal treatment. 1 * 2 Cyproterone ac- 
etate is a potent steroidal antiandrogen with 
progestational activity. It is used alone or 
in combination with ethinyl estradiol or es- 
tradiol valerate in the treatment of women 
suffering from disorders associated with an- 
drogenization, eg, acne or hirsutism. Cy- 
proterone acetate competes with dihy- 
drotestosterone for the androgen receptor 
and inhibits translocation of the hormone 
receptor complex into the cell nucleus. 3 

This study was undertaken to con- 
sider once again a cyproterone acetate for- 
mulation delivered to the skin surface, thus 
approaching the target cell topically and by- 
passing the enterohepatic circulation. The 
aim of this open, placebo-controlled study 
was to compare the effectiveness of topi- 
cal cyproterone acetate, an oral formula- 
tion containing 0.035 mg of ethinyl estra- 
diol and 2 mg of cyproterone acetate 
(Dianemite, Schering, Vienna, Austria) , and 
a placebo preparation in women with mod- 



ARCH DERMATOL/ VOL 134, APR 1998 
459 

Downloaded from www. archdennatol.com by FrankMiskiel, on May 16, 2006 
©1998 American Medical Association. All rights reserved. 



PATIENTS AND METHODS J2 P }^^}^^ n 

OF CYPROTERONE ACETATE 



Forty-five women aged between 26 and 38 years (mean age, 
30.3 years) with moderate to severe acne who consulted 
the endocrinology outpatient department for a hormonal 
evaluation and treatment of their acne were enrolled in this 
3-month trial. 

Informed consent was obtained from all the patients, 
and the study was approved by the local ethics committee. 
Patients with medical contraindications to the therapy or 
unwilling to smoke less than 5 cigarettes daily were not in- 
cluded in the study. Patients were required to use barrier 
contraception during the treatment period. All acne medi- 
cation had been stopped 6 weeks before the commence- 
ment of the study. 

During the initial visit, the patients were randomly as- 
signed to 1 of the 3 treatment groups. One group (n=12) 
received an oral contraceptive regimen for 3 months, with 
administration of a daily dose of 0.035 mg of ethinyl estra- 
diol and 2 mg of cyproterone acetate for the first 21 days of 
the menstrual cycle, followed by a 7-day pill-free interval. 
The first treatment cycle started on the first day of men- 
strual bleeding. The second group (n= 12) used a topical cy- 
proterone acetate lotion, with treatment starting on the first 
day of menstrual bleeding and being taken continuously for 
3 months. The topical lotion was self-applied once daily in 
the evening, to the face only, with a calibrated pipette. The 
daily amount of cyproterone acetate liposome lotion used 
was 10 mL, containing 20 mg of cyproterone acetate. Lipo- 
some lotion consisted of soybean oil, eilecithin, glycerol, and 
oleic acid (Leopold Pharma, Graz, Austria). 

The third group (n=16) used a placebo liposome lo- 
tion containing soybean oil, eilecithin, glycerol, and oleic 
acid without the active substance; it was applied as in the 
topical cyproterone acetate group. 

Acne severity on the face was graded according to the 
method of Burke and Cunliffe/ with the individual scores 
added up to yield a total result. Four sites on the face (chin, 
forehead, and left and right cheeks) were graded. The mean 
value from this grading was used for further calculations. 
In addition, numbers of macules, papules, pustules, nod- 
ules, and cysts on the face were counted by the same der- 
matologist (E.M.K.) at each visit. Lesion counts were de- 
fined as the total of comedones and inflammatory lesions. 
Only 3 of the patients had few inflammatory lesions, and 
their counts were thus added to the noninflammatory le- 
sions. Acne on other parts of the body was not evaluated 
in this study. Assessments were done during the midpoint 
of the menstrual cycle, ie, between days 10 and 19, with 
day 1 being defined as the first day of menstrual bleeding. 
Before commencement of the trial, all patients underwent 
2 baseline examinations performed 1 week apart. Progress 
assessments were made midway through the first, second, 
and third cycles of treatment. Forty women completed the 
trial, and their data were included in the final analysis. Five 
patients dropped out before the end of treatment. 



erate to severe acne. Moreover, we evaluated in a prelimi- 
nary study the serum cyproterone acetate levels after 
transdermal application and compared them with levels 
obtained by administration of an oral preparation con- 
taining 0.035 mg of ethinyl estradiol and 2 mg of cypro- 
terone acetate. 



The application system was similar to that used for topical 
17p-estradiol and topical 1 7a -dihydro testosterone stud- 
ies. Pharmacokinetic details for these steroidal substances 
have been described previously. 5 - 6 Because cyproterone ac- 
etate is a lipophilic steroid, a similar absorption rate was 
assumed. The daily transdermal cyproterone acetate dos- 
age was 20 mg, based on a similar formulation combining 
soybean oil, eilecithin, glycerol, and oleic acid. 

Liposomes were used to improve the transdermal pen- 
etration of the antiandrogen. Topical application of cypro- 
terone acetate in patients with acne had been attempted be- 
fore, but the clinical results were discouraging. 

SERUM CYPROTERONE ACETATE LEVELS 

Serum levels of cyproterone acetate were determined in .5 
patients in the topical cyproterone acetate group both be- 
fore treatment and 3 months after study entry, with blood 
samples taken exactly 45 minutes after the last topical cy- 
proterone acetate application. Baseline serum cyproter- 
one acetate concentrations were below the detection limit. 
Serum cyproterone acetate levels were measured by radio- 
immunoassay, by a dextran-coated charcoal method. Ali- 
quots of serum (0. 1 mL) were diluted with physiological 
saline to a final volume of 0.5 mL. After extraction with 
2.5 mL of diethyl ether, the ether phase was separated and 
fully evaporated, and the residue was reconstituted with 
0.8 mL of an assay buffer. This solution was incubated with 
0.1 mL of tritiated cyproterone acetate (specific activity, 
0.84 GBq/mg; Schering AG, Berlin, Germany) and 0.1 mL 
of antiserum (batch C003, Schering AG) at 4°C for 16 hours, 
mixed with 0.2 mL of dextran-coated charcoal, and vor- 
texed. After 15 minutes at 4°C, the mixture was centri- 
fuged. The supernatants were decanted into liquid scintil- 
lation vials and mixed with 4.5 mL of scintillation cocktail. 
The radioactivity was measured on a scintillation counter. 
To obtain the standard curves, 1 mg of cyproterone ac- 
etate was dissolved in methanol and diluted with assay 
buffer, yielding final concentrations ranging from 39 to 
10 000 pg/mL. In addition, a drug-free sample (0 pg/mL) 
was used. Calibration and samples were analyzed in du- 
plicates. A spline function was used for the evaluation of 
the data. The interassay and intra-assay coefficients ranged 
from 5.0% to 13.0%. The mean blank value for blank con- 
trol samples was found to be 28 pg/mL. 

STATISTICAL METHODS 

Overall significance of the group effect was evaluated by analy- 
sis of variance. Pairwise comparisons between groups were 
made by Student t tests for mean comparison. A P value less 
than .05 was considered to indicate significance. The pro- 
gram used for statistical analysis was SAS/PROC GLM (SAS/ 
STAT software, version 6, SAS Institute Inc, Cary, NC, 1989). 





RESULTS 









Of the 45 patients who entered the study, 40 completed 
the 3 cycles of treatment and were included in the 
analysis (12 receiving oral cyproterone acetate, 12 re- 
ceiving topical cyproterone acetate, and 16 receiving 
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Table 1. Clinical Features of Patients in the Trial 



Mean (Range) 



Therapy 



No. of Patients : ; 
Entering Trial 
(No. Completing) Age. y Weight, kg 



Facial Acne Grade 



Lesion Count 



Baseline 



1 nib,: 



^2'mo> 



3;mo 



Baseline >1 mo • 2 mo 3 mo 



"1: 



Oral cyproterone '14 (12) 29.4 58.2 1 56 122 

. acetate ' (26-37) (55.7-61.4) (1.55-1.58) (1.1 B : 1. 24) 

Topical cyproterone 13 (12) 31.3 ,63.1 1.57 1.16 ' 

acetate . • ., (26-38) (55.3-77 3) (1 56-1 58) (1.10-1:18) 

Placebo ■• ^ " ■ 18(16) : 30.3 67.0 ,1.57 . 1.39 



.1.15 0.75' 

(112^ 17) (0.20-0.97) 

(110-i:i5) (0.59-0.80) 
1.30 1.25 



(26-38> (55:1-77.5) (1-54-1:59) (1>30-1 45) (1.28-1.40) (1:22^1:28): 



45.4 
(30-58): 

"35.9..; 
(28.59) 
:; : 3B.2;>- 
(29-47) 



1^33.5^ 
(21-42) 

21.8 
(12-40) 

32 4 
(25-42)' 



;24.8 
(16*35) 

>\i7-.7 : :^ 

(9-33) 
(21-35) 



15.5 
(11-21) 

(3-20) 

^23:i : :. ; C 

(17r30) 





Figure 1 . Boxplot of response of the 3 treatment groups in facial acne grades 
during 3 months of treatment Mean values (ranges) are as follows: group T. 
0.90 (0.77-0.99), group 0, 0.81 (0.61-1.37); and group P, 0.32 (0.27-0.36). 



Figure 2. Boxplot of response of the 3 treatment groups in lesion counts 
during 3 months of treatment. Means (ranges) are as follows: group T, 26.8 
(18.0-39.0); group 0. 29.9 (18.0-38.0); and group P, 15. 1 (8.0-26.0). 



Table 2. Serum Cyproterone Acetate Levels Before and 
After Topical Cyproterone Acetate Therapy in 5 Patients 



Serum Cyproterone Acetate; pg/mL ^ : > 

Patient No./ \ . ,:\:\ — — — — — — , 

. Age, y Before Treatment After 3 mo 0! Treatment 

1/34 ^ <28* 226 

2/37 <28 281 

3/26 . <28 286 

4/35 '> ^ <28 ' 311 

5/30 ' <28 , s 119 . 

1L___^ 

* Detection limit. 



placebo). Two patients in the oral cyproterone acetate 
group dropped out of the study because they had failed 
to take the tablets regularly. One patient was excluded 
from the topical cyproterone acetate group because of a 
moderate local reaction and because she was not willing 
to use the mechanical contraception. Two patients in 
the placebo group withdrew from the study for personal 
reasons. The patients' ages, their initial mean acne grad- 
ings, and lesion counts are listed in Table 1 . 

Response to therapy was measured by calculating 
the difference between baseline measurements and mea- 
surements after 3 months of therapy. During the 3- 
month assessment period, both oral and topical cypro- 
terone acetate were found to be significantly more effective 
than the placebo preparation in reducing mean facial acne 
grades and lesion counts (P<.05 for both groups). No 
significant differences in treatment success were ob- 
served between the oral and topical therapy (P>.05) 
(Figure 1 and Figure 2). 

After 3 months of topical cyproterone acetate 
application, lesion counts had decreased from a mean 
of 35.9 (range, 28-59) to 9.1 (3-20) (P<.05). The 
serum levels of cyproterone acetate are shown in 
Table 2. Serum cyproterone acetate concentrations 
were below the detection limit of 28 pg/mL before the 
treatment but increased to values of between 119 and 



311 pg/mL after topical cyproterone acetate applica- 
tion. No subjective adverse effects or bleeding irregu- 
larities were observed in either of the groups during 
the 3 months of treatment. 





COMMENT 









Acne is a common disorder in young females and males, 
and the therapeutic strategies available at the moment 
are not always sufficient and without shortcomings. 
Therefore, there is still a need for more effective topical 
therapies, particularly those that are free of harmful ad- 
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verse effects and easy to handle. There are numerous 
well-established hormonal and nonhormonal ap- 
proaches to the treatment of acne. As acne is known to 
be an androgen-dependent disorder, oral antiandrogen 
treatment has been shown to be successful. In the pres- 
ent study, we assessed the efficiency of topical cypro- 
terone acetate in patients afflicted with acne. Although 
the number of subjects in this study was small, patients 
were specifically selected from a large group of patients 
with acne on the basis of having moderate to severe le- 
sion scores, and no other visual evidence of hyperan- 
drogenism. Moreover, none of the patients had received 
any systemic treatment for 6 weeks before the com- 
mencement of the study. 

THE USE OF topical antiandrogens in the 
treatment of acne has been intensively 
investigated ever since the pilosebaceous 
unit was found to be androgen depen- 
dent. In 1969, Cunliffe et al' used topical 
cyproterone acetate dispensed in dimethyl sulfoxide in 
12 patients but found no improvement because of the 
lack of a suitable vehicle for the steroids. Seven years 
later, Pye et al 2 used 1% cyproterone acetate suspended 
in cetomacrogol cream BPC (formula A), but none of 
the patients showed any marked acne improvement. 
Meanwhile, a wealth of experience in the area of acne 
treatment has been gained by various clinicians and re- 
searchers. There are several alternatives to cyproterone 
acetate. Estrogens, progesterone, spironolactone, flu- 
tamide, and gonadotropin-releasing hormone ana- 
logues have all been used in various concentrations in 
clinical trials. 7 " 9 These substances reduce sebaceous 
gland activity leading to a clinical improvement of acne. 
However, they have 1 problem in common. They are in- 
gested and thus affect the entire human organism, pro- 
ducing systemic adverse effects. 

It is well known that oral estrogens effectively sup- 
press sebum excretion and improve acne in both men and 
women. However, the doses required to produce a thera- 
peutic effect are associated with unacceptable adverse ef- 
fects. 10 The effect of topical progesterone also has been 
evaluated; whereas a reduction in the sebum excretion 
rate was demonstrated in female patients, no change was 
seen in male patients. Moreover, the sebosuppressive ef- 
fect was lost after 3 months. ' 1 

Antiandrogens show the most likely source of 
therapeutic success in the hormonal manipulation of 
the sebaceous gland. 12 Cyproterone acetate is most of- 
ten prescribed in combination with ethinyl estradiol, 
with the maximum clinical effect generally seen be- 
tween the third and sixth months of treatment. Oral spi- 
ronolactone also has been shown both to decrease se- 
bum excretion rates and to improve clinical acne. 13 
However, the prescription of spironolactone in this in- 
dication has been markedly reduced since the publica- 
tion of animal research data indicating that it may cause 
breast cancer in rats. 14 The oral nonsteroidal antiandro- 
gen flutamide has been found to reduce acne but it is 
not suitable for clinical use. 15 Chlormadinone acetate is 
a 19-norprogestin with antiandrogenic properties. It is 



used in combination with ethinyl estradiol as an oral 
contraceptive and has proved to be successful in cases 
of mild acne and seborrhea. 16 Dienogest, apparently the 
first 19-nortestosterone derivative with antiandrogenic 
effects, is currently used in oral contraceptives and has 
been suggested for antiandrogen treatment. However, 
clinical trials evaluating the antiandrogen property of 
this substance are inadequate. 17 

Finally, the new topical nonsteroidal antiandrogen 
inocoterone acetate has produced only modest clinical 
effects in the treatment of acne. 18 Evidence suggests that 
not all patients with acne exhibit elevated serum andro- 
gen levels. 19 Rather, several studies have indicated an in- 
creased local formation of androgens, disturbances of the 
androgen metabolism, 20 or an increased sensitivity of the 
androgen receptor to normal levels of androgens. 21 Con- 
sequently, antiandrogens and 5a-reductase inhibitors may 
also play a role in the treatment of clinically hyperan- 
drogenemic women. 22 

Despite the lack of success with topical cyproter- 
one acetate in previous studies, we undertook a 
placebo-controlled trial using a liposome lotion as a 
carrier for cyproterone acetate to overcome the diffi- 
culty of delivering the active substance to the target 
cell. In the present study, the therapeutic effectiveness 
of topically applied cyproterone acetate in cases of 
acne was clearly demonstrated. Mean facial acne grades 
and lesion counts decreased significantly with both 
topical and oral cyproterone acetate. The preliminary 
serum determinations confirmed our initial expectation 
that topical use would result in lower serum cyproter- 
one acetate levels than would oral cyproterone acetate 
intake. In fact, cyproterone acetate levels were 10 times 
lower after topical than after oral application, while pro- 
ducing a similar clinical response. According to data in 
the literature, cyproterone acetate levels after oral 
intake of 2 mg of cyproterone acetate can be expected 
to be an order of magnitude higher (4073 pg/mL); how- 
ever, this is because a contraceptive effect is required. 23 
Further studies and pharmacokinetic investigations are 
necessary to determine the optimal dosage and carrier 
regimens. 

The mechanisms responsible for the effectiveness of 
topical cyproterone acetate are outside the scope of the 
present study. Whether topical cyproterone acetate acts 
directly on the skin or whether the serum levels, al- 
though low, are responsible for its therapeutic effects will 
have to be determined in further studies. 

Notably, a significant therapeutic improvement com- 
pared with the placebo group was seen after only 3 months 
of treatment with both oral and topical cyproterone ac- 
etate. In summary, the results of this study suggest that 
topical application of the antiandrogen cyproterone ac- 
etate in the treatment of acne is as effective as oral cy- 
proterone acetate in combination with ethinyl estradiol, 
provided that a suitable carrier is used. The liposome lo- 
tion we used unlocks the potential of topical cyproter- 
one acetate application and releases the benefits of re- 
duced adverse effects, at least within the treatment period 
evaluated in this study. Thus, the cyproterone acetate lo- 
tion represents a suitable alternative or additional local 
treatment for women with acne. 
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ABSTRACT 

Sixty-six hirsute women were randomized and treated with 1) 
flutamide (n » 15), 250 mg/day; 2) finasteride (n « 15), 5 mg/day; 3) 
ketoconazole (n = 16), 300 mg/day; and 4) ethinyl estradiol (EE)- 
cyproterone acetate (CPA; n = 20), 0.01 mg EE/day for the first week, 
0.02 mg EE/day for the second week, and 0.01 mg EE/day for the third 
week, followed by a pause of 7 days, then 12.5 mg CPA/day added 
during the first 10 days of every month for 12 months. Hirsutism was 
evaluated by the Ferriman-Gallwey score, and hair diameter and hair 
growth rate were determined by a special image analysis processor in 
basal conditions and after 90, 180, 270, and 360 days of treatment. All 
treatments produced a significant decrease in the hirsutism score, 
hair diameter, and daily hair growth rate: flutamide, -55 ± 13%, 
-21 ± 14%, and -37 ± 18%; finasteride, -44 ± 13%, -16 ± 12%, and 
-27 ± 14%; ketoconazole, -53 ± 18%, -14 ± 12%, and -30 ± 21%; 
and EE-CPA, -60 ± 18%, -20 ± 11%, and -28 ± 21%. 

Some differences existed among treatments with regard to effec- 
tiveness; EE-CPA and flutamide seem to be the most efficacious in 
improving hirsutism. For the hirsutism score, a greater decrease was 
seen with EE-CPA (-60 ± 18%) than with finasteride (-44 ± 13%; 
P < 0.01) and a greater decrease was seen with flutamide (-58 ± 18%) 
than with finasteride (-44 ± 13%; P < 0.05). Flutamide is the fastest 
in decreasing hair diameter; EE-CPA is the fastest in slowing down 



hair growth, even though at the end of the treatment there was a 
significant difference between flutamide and finasteride only (-41 ± 
18% vs. -27 ± 14%; P < 0.05). 

Flutamide, ketoconazole, and EE-CPA induced a significant de- 
crease in total and free testosterone, 5a-dihydrotestosterone, dehy- 
droepiandrosterone, dehydroepiandrosterone sulfate, and andro- 
stenedione plasma levels. During the EE-CPA treatment, 
gonadotropins were suppressed, and the sex hormone-binding glob- 
ulin level increased. Finasteride induced a decrease in dehydroepi- 
androsterone sulfate and 5a-dihydrotestosterone and an increase in 
testosterone levels. 

Very few side-effects were observed during treatment with low 
doses of flutamide, EE-CPA, and particularly finasteride. Flutamide 
induced a decrease whereas EE-CPA induced an increase in triglyc- 
erides and cholesterol, showing higher values within the normal 
range. Ketoconazole induced several side-effects and complications, 
and several people dropped out of the study. 

Despite different modalities of action and significantly different 
effects on androgen levels, low doses of flutamide, finasteride, and 
EE-CPA constitute very satisfactory alternative therapeutic regi- 
mens in the treatment of hirsutism. (J Clin Endocrinol Metab 84: 
1304-1310, 1999) 



FLUTAMIDE (1-5), finasteride (6-10), ketoconazole (11- 
14), and cyproterone acetate (CPA) (15-20) are com- 
monly employed in the treatment of hirsutism. Different 
therapeutic regimens have been used successfully; however, 
only a few randomized controlled trials exist, and subjective 
methods of evaluation are generally employed. 

The aim of the present report was to compare, in a pro- 
spective, comparative, randomized study, as objectively as 
possible, the therapeutic efficacy as well as the endocrine and 
metabolic effects and reliability of low dose regimens of 
flutamide, finasteride, ketoconazole, and a combination of 
CPA and ethinyl estradiol (EE). 

Subjects and Methods 

Sixty-six premenopausal hirsute women (mean ± SD age, 22.9 ± 4.7) 
were referred to the Reproductive Medicine Unit of the University of 
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Bologna (Bologna, Italy) for evaluation and treatment of hirsutism. The 
mean ± sd body weight was 61 ± 10 kg, and the mean ± sd height was 
163 ± 6 cm. The mean body mass index (BMI) was 22.7 ± 2.7 (normal 
range, 18-24); 11 subjects (16%) were overweight (mean BMI, 27 ± 2.6). 

Regular menses were reported by 29 of the 66 women; 32 had oli- 
gomenorrhea, 3 had amenorrhea, and 2 had polymenorrhea. Thirty- 
eight patients (58%) had ovulatory cycles (on the basis of typical pro- 
gesterone levels in the premenstrual phase), and 28 (42%) had 
anovulatory cycles. Each patient underwent a complete medical and 
gynecological examination. In accordance with our codified parameters 
(21), all subjects had an etiological diagnosis of hirsutism. None of the 
women gave evidence of a hormortally active adrenal gland, an ovarian 
tumor, or Cushing's, PRL, or thyroid disorder. Twenty-seven patients 
(41%) had a diagnosis of polycystic ovary syndrome; 18 had anovulatory 
or oligoovulatory cycles, elevated plasma LH concentrations (LH/FSH 
ratio >2), high levels of testosterone and androstenedione, and eco- 
graphic evidence of enlarged polycystic ovaries. Nine patients had the 
concomitant presence of high dehydroepiandrosterone sulfate levels. 
Fourteen hirsute patients (21%) suffered from a mild form of nonclassic 
adrenal hyperplasia with high 17a-hydroxyprogesterone values, as di- 
agnosed by ACTH test (21). Twenty-five patients (38%) were classified 
as having idiopathic hirsutism because they did not present any of the 
clinical features found in the other groups and had ovulatory cycles. In 
the entire population studied the hirsutism score ranged from 7-22. 

Patients were randomized into four groups for treatment, indepen- 



1304 



Downloaded from jcem.endojoumals.org on May 16, 2006 



HIRSUTISM: COMPARISON OF TREATMENTS 



1305 



dently of the diagnosis made. No significant differences were observed 
between groups regarding the prevalence of the diagnosis of hirsutism, 
clinical parameters, and menstrual rhythm or ovulatory/ anovulatory 
cycles; thus, the patients were randomized into four comparable groups. 
Group 1 (n - 15; age, 22.6 ± 4 yr; BMI, 22.9 ± 2 kg/m 2 ) received 250 
mg/day flutamide, group 2 (n = 15; age, 23.2 ± 3 yr; BMI, 22.5 ± 3 
kg/m 2 ) received 5 mg/day finasteride, group 3 (n = 16; age, 23.2 ± 5 
yr; BMI, 23.0 ± 3 kg/m 2 ) received 300 mg/day ketoconazole, and group 
4 (n = 20; age, 22.9 ± 4 yr; BMI, 22.6 ± 2 kg/m 2 ) received a treatment 
regimen with low EE and CPA doses (the patients received 0.01 mg 
EE/ day for the first week, 0.02 mg EE /day for the second week, and 0.01 
mg EE /day for the third week, followed by a pause of 7 days, then 12.5 
mg CPA/ day administered in a reverse sequential regimen during the 
first 10 days of each treatment cycle). We planned a 12-month therapy 
period, and either the barrier method or intrauterine contraception was 
employed during the study in sexually active women to avoid any risk 
of conception. 

Clinical and hormonal controls were performed in basal conditions 
and after 3, 6, 9, and 12 months. Each woman was studied during the 
early follicular phase of her menstrual cycle (3-6 days after the onset of 
a spontaneous menstrual flow) when present or at random in amenor- 
rhea patients in basal conditions and after 180 and 360 days of treatment. 

The study was approved by the ethical committee of the Institute of 
Obstetrics and Gynecology of the University of Bologna, and informed 
consent was obtained from each patient. All procedures followed in this 
study were in accordance with the Helsinki Declaration of 1975. 

Hirsutism evaluation, clinical side-effects, endocrine and biochemical 
parameters [blood glucose, cholesterol, high density lipoprotein cho- 
lesterol, triglycerides, aspartate aminotransferase (AST), alanine ami- 
notransferase (ALT), y-glutamyltransferase, alkaline phosphatase, bili- 
rubin, antithrombin HI, and fibrinogen] were determined at each control 
visit. 

Hirsutism and hair growth evaluation 

Hirsutism was evaluated with a 2-fold criteria of control so as to have 
a method of analysis as objective as possible. 1) Hirsutism grading was 
codified by calculating the hirsutism score according to the modified 
Ferriman and Gallwey method (22), and the normal range was consid- 
ered to be no higher than 8. Two patients with a total score of 7 were 
included because a severe regional (upper lip and thigh) hair growth, 
and the entry criteria for all patients was a score of 7 or greater. 2) As 
previously reported (12), hair parameters were codified using an IB AS 
image analyzer (Kontron Bildanalyze GmbH, Munich, Germany), a spe- 
cial image analysis processor with a sensitivity of 0.001 mm. First, all 
patients were shaved in a prefixed area of the right thigh. After 90 days, 
at least 20 hairs (basal hair growth) were cut from the same thigh area 
using curved scissors; then the area was reshaved, and treatments were 
started. This same procedure was repeated after 90, 180, 270, and 360 
days of therapy. The mean diameter, hair length, and daily growth rate 
(obtained by dividing the length of each hair by the number of the days 
elapsed between shaving and the subsequent cut) were estimated. Con- 
sidering that anagen hair growth on the thigh has a mean duration of 
22 days and that the complete hair cycle is 84 days (23), a 90-day period 
of basal observation seems to be correct for establishing the mean basal 
hair growth in each group. 

Self-reported evaluation 

Patients' self-evaluation of the clinical outcome of the treatment was 
obtained. Each patient rated his appreciation as dissatisfied, satisfied, or 
highly satisfied. 

Hormone assay 

Blood samples were drawn at 0800 h; all samples from each subject 
were run in the same RIA. The RIA techniques used for hormonal 
measurements were: gonadotropins (FSH-LH) and PRL, rapid double 
antibody (kits purchased from Biodata, Rome, Italy); 17-hydroxy pro- 
gesterone (17-P) and progesterone (P), chromatographic separation on 
Sephadex LH-20 columns; dehydroepiandrosterone sulfate (DHAS) per- 
formed directly on diluted plasma, testosterone (T), 5a-dehydrotestos- 
terone (DHT), androstenedione (A), and 170-estradiol (E 2 ), TLC on silica 



gel 60 F254; dehydroepiandrosterone (DHA), plasma extraction with 
ethyl ether, as previously described (24), using an ACTH kit purchased 
from CIS (Gif-Sur-Yvete, France) and a Cortisol (F) kit purchased from 
Diagnostic Systems laboratories (Webster, TX); free testosterone (Tf), 
the Coat-A-Count free testosterone procedure of Diagnostic Products 
(Los Angeles, CA); and sex hormone-binding globulin (SHBG), non- 
competitive liquid phase immunoradiometric assay (Farmos Diagnostic, 
Oulunsalo, Finland). 

Statistical analysis 

Paired and unpaired Student's r tests and ANOVA were used for 
statistical analysis, as needed. Values are expressed as the mean ± sd. 

Results 

Hirsutism 

Figure 1 shows the results of the different regimens of 
therapy during the entire treatment period. In each subject 
who finished the study, not less than 100 hairs were analyzed 
by IBAS, both under basal conditions and during the entire 
cycle of treatment. Under basal conditions, 1848 hairs were 
analyzed, and 6800 hairs were analyzed during the entire 
cycle of treatment. 

In group 1 (flutamide), hirsutism improved in all subjects. 
The mean basal score (Fig. 1; 14.2 ± 4.5) progressively de- 
creased and dropped to 6.4 ± 3.5 (P < 0.001; -55 ± 13%) after 
12 months of treatment. The mean diameter (Fig. 1) fell from 
0.169 ± 0.02 to 0.133 ± 0.02 mm (P < 0.001; -21 ± 14%), and 
the mean daily rate of hair growth (Fig. 1) fell progressively 
from 0.153 ± 0.03 to 0.084 ± 0.04 mm/day (P < 0.001; -41 ± 
18%). 

In group 2 (finasteride), hirsutism improved in all subjects. 
The mean basal score (Fig. 1; 12.4 ± 4.8) slowly dropped 
during therapy to 6.9 ± 3.5 (P < 0.02; -44 ± 13%) after 12 
months of treatment. The mean diameter (Fig. 1) fell from 
0.174 ± 0.02 to 0.147 ± 0.02 mm (P < 0.001; -16 ± 12%), and 
the mean daily rate (Fig. 1) of hair growth fell from 0.127 ± 
0.05 to 0.095 ± 0.04 mm/day (P < 0.005; -27 ± 14%). 

In group 3 (ketoconazole), 8 of 16 subjects who started the 
therapy stopped taking the drug within 180 days because of 
several side-effects and complications; hirsutism had im- 
proved in the 8 subjects who concluded the 12-month ther- 
apy period (mean basal score, 13.8 ± 4.4; 12-month therapy 
score, 6.5 ± 4.8; P < 0.005; -53 ± 18%; Fig. 1). The mean 
diameter (Fig. 1) fell progressively from 0.177 ± 0.01 to 
0.148 ± 0.02 mm (P < 0.005; -14 ± 12%), and the mean daily 
rate of hair growth (Fig. 1) fell from 0.129 ± 0.03 to 0.090 ± 
0.04 mm/day (P < 0.005; -30 ± 21%). Six of 8 hirsute subjects 
who interrupted the therapy had slower hair growth during 
the therapy on the basis of their subjective evaluations. 

In group 4 (EE-CPA), hirsutism improved in all subjects. 
The mean basal score (Fig. 1; 13.3 ± 5.1) dropped to 6.1 ± 5.5 
(P < 0.001; -60 ± 18%) after 12 months of treatment. The 
mean diameter (Fig. 1) fell from 0.164 ± 0.05 to 0.138 ± 0.02 
mm (P < 0.001; -20 ± 11%). The mean daily rate (Fig. 1) of 
hair growth decreased during the first 90 days and fell from 
0.127 ± 0.05 to 0.090 ± 0.03 mm/day (P < 0.001) (-28 ± 21%) 
after 12 months. 

Comparative data among groups 

There were no significant differences among groups with 
respect to their clinical basic data, endocrine parameters 
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Fig. 1. Histograms representing the mean ± SD hirsutism score, 
diameter, and daily growth rate of hair under basal conditions (b) and 
after 90 (1), 180 (2), 270 (3), and 360 (4) days of therapy with different 
treatment regimens. In the ketoconazole group, 2 patients of 16 
dropped out during the first 90 days of therapy, and 6 patients 
dropped out during the first 180 days. At 180, 270, and 360 days of 
treatment, only 8 subjects were studied, a, P < 0.05; b, P < 0.01; c, 
P < 0.005 (vs. basal within each group). For hirsutism score: by 
ANOVA among groups in basal conditions, P = NS; by ANOVA among 
groups during treatment, P = NS. For hair diameter: by ANOVA 
among groups in basal conditions, P = NS; by ANOVA among groups 
during treatment, significant differences at 90 (F = 3.9; P < 0.01), 180 
(F = 3.9; P < 0.01), and 270 (F = 6.7; P > 0.01) days. For hair growth: 
by ANOVA among groups in basal conditions, P = NS; by ANOVA 
among groups during treatment, significant differences at 90 (F = 3.6; 
P < 0.02) and 180 (F = 5.1; P < 0.003) days. 



(Tables 1 and 2), hirsutism score, or basal hair characteristics 
(Fig. 1). 

For the hirsutism score (Fig. 1), no differences (by 
ANOVA, P = NS) were observed among the groups during 
the control period, confirming the efficacy of all four treat- 
ments. However significantly higher differences were ob- 
served in the percentage of decrease (Fig. 2) at the end of 
treatment in the cases of flutamide vs. finasteride (—55 ± 18% 



vs. -44 ± 13%; P < 0.05) and EE-CPA vs. finasteride (-60 ± 
18% vs. -44 ± 13%; P < 0.01). 

For hair diameter (Fig. 1), significant differences were ob- 
served at 90 days (F = 3.94; P < 0.01), 180 days (F = 3.6; P < 
0.01), and 270 days (F = 6.7; P < 0.001) among the groups. 
Flutamide induced the quickest decrease in hair diameter 
during treatment (at 90 days of treatment) even though the 
differences in the percent decrease disappeared at the end of 
treatment (Fig. 2). 

For the hair growth rate (Figs. 1 and 2), significant differ- 
ences among groups were observed at 90 days (F = 3.6; P < 
0.02) and 180 days (F = 5.1; P < 0.003). Finasteride was the 
slowest in decreasing hair growth, whereas EE-CPA was the 
quickest. Flutamide acted progressively, and there was a 
significant difference between flutamide and finasteride 
(-41 ± 18% vs. -27 ± 14%; P < 0.05) at the end of treatment 
(Fig. 2). 

Hormone concentrations 

Tables 1 and 2 show the mean hormonal values under 
basal conditions and during the different treatments. In 
group 1, flutamide induced a significant decrease in 17-P, Tf, 
T, DHT, A, DH AS, DHA, and F and an increase in E 2 levels. 
In group 2, finasteride induced a significant decrease in 
DHAS, E 2 , and DHT mean values and an increase in T and 
Tf mean values. In group 3, the mean plasma levels of T, Tf, 
DHT, DHA, DHAS, and A decreased progressively during 
ketoconazole treatment, whereas FSH, LH, E 2/ F, ACTH, and 
17-P values increased. In group 4 during treatment with 
EE /CPA, there was a decrease in LH, E 2/ 17-P, T, Tf, A, DHA, 
and DHAS and an increase in F and SHBG plasma levels. 

Side -effects, complications, and clinical and biochemical 
changes (Table 3) 

In group 1, only a few, transient and slight side-effects 
occurred, and all subjects concluded the period of treatment. 
After 6 months of treatment, cholesterol (—11%) and tri- 
glycerides ( — 22%) values dropped significantly, with respect 
to the basal values. No changes were observed in the other 
parameters. 

In group 2, no side-effects, complications, or biochemical 
changes were observed, even though two patients were 
dissatisfied. 

In group 3, major side-effects and complications occurred 
during the first 90 days of treatment. A high number of 
patients dropped out within the first 180 days. Mean AST, 
ALT, and alkaline phosphatase levels increased progres- 
sively to the upper limit of the normal adult range. Two 
subjects had very high AST and ALT values. Triglycerides 
(-25%) and cholesterol (-17%) values decreased progres- 
sively. No changes were observed in the other parameters. 

In group 4, some subjects experienced a mild weight gain 
(<2 kg) after 6-9 months of treatment and had mild transient 
side-effects. One subject suffered from irregular menstrual 
bleeding, and one dropped out because of persistent amen- 
orrhea during the ninth month of therapy. Cholesterol mean 
values increased progressively ( + 21%) up to the upper limit 
of normal values (<250 mg/dL), and mean triglycerides 
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TABLE 1 

regimens 



Endocrine mean ± SD plasma values in basal conditions and after 180 and 360 days of therapy with different treatment 



LH (IU/L; 
normal, 2-10) 



FSH (IU/L; 
normal, 4-10) 



PRL ( K g/L; 
normal, 6-28) 



E 2 (pmol/L; 

normal, 
51.4-194.5) 



ACTH (pmol/L; 
normal, 5—60) 



17P (nmol/L; 
normal, 0.9-3.8) 



SHBG (nmol/L; 
normal, 16-120) 



Flutamide 
A 
B 
C 

Finasteride 
A 
B 
C 

Ketoconazole 
A 
B 
C 

EE-CPA 
A 
B 
C 



5.3 ± 2.6 
4.8 ± 1.9 
6.0 :£ 2.4 

6.0 ± 2.2 

6.0 ± 2.1 

5.1 ± 1.9 

5.7 ± 2.8 
10.2 ± 4.7 C 
12.5 ± 5.3 d 

4.7 ±2.1 
3.0 ± 1.6* 

3.2 ± 1.2 6 



5.5 ± 1.0 

5.4 ± 0.8 

5.5 ± 1.0 

5.7 ± 1.6 
6.0 ± 1.4 
5.5 ± 1.2 

4.2 ± 1.3 
5.4 ± 2.1 

6.8 ± 2.7' 

4.8 ± 1.2 

4.9 ± 2.0 
4.7 ± 1.9 



17 ± 6 

18 ± 8 
18 ± 10 

15 ± 8 

11 ± 5 
13 ± 4 

16 ± 6 
17.3 ± 5 

17 ± 5 

12 ± 5 

18 T 10 
17 ± 10 



154 ± 44 
243 ± 36° 
250 ± 33° 

130 ± 37 
130 ± 41 
55 ± 31" 

180 ± 50 
280 ± 45° 
270 ± 33° 

176 ± 52 
127 ± 62* 
92 ± 37° 



6.9 ± 3.1 
5.9 ± 2.9 
5.5 ± 2.7 

6.1 ± 0.4 

5.2 ± 0.5 
7 ± 0.4 

3 ± 2.1 
7 ± 2° 
6 ± 1.9* 

5.4 ± 1.8 
4.8 ± 1.6 
4.4 ± 1.2 



3.3 ± 1.2 
2.8 ± 1.6 
2.2 ± 0.8 fc 

2.7 ± 0.9 
2.2 ± 0.8 

2.7 ± 0.8 

3 ± 1.1 

5 ± 5.3 

6 ± 3.2* 

3.2 ± 1.1 
2.2 ± 0.9" 

1.8 ± 0.6* 



29 ± 11 
34 ± 11 

37 ± 6 

38 ± 15 
38 ± 12 
43 ± 16 

26 ± 10 
28 ± 11 

27 ± 10 

30 ± 11.8 
124 ± 45" 
113 ± 38° 



Normal hormonal ranges are reported in parentheses. In the ketoconazole group, at 180, 270, and 360 days of treatment, only eight subjects 
were studied. A, Basal; B, 180 days; C, 360 days. Significance is given for values within the same regimen. 
° P < 0.001 us. basal. 
6 P < 0.05 vs. basal. 

* P < 0.05 vs. basal. 

d P < 0.005 vs. basal. 

* P < 0.02 vs. basal. 



TABLE 2. Endocrine mean : 
different treatment regimens 



SD plasma values in basal conditions and during treatment after 180 and 360 days of therapy with four 





T r (pmol/L; 
normal, 2.4-12.5) 


T (nmol/L; 
normal, 1^3.5) 


DHT (nmol/L; 
normal, 0.3-1.1) 


DHA (nmol/L; 
normal, 8.5-41.2) 


DHAS (/imol/L; 
normal, 1.9-10.3) 


A (nmol/L; 
normal, 1.4-15.7) 


F (nmol/L; 
normal, 193-662) 


Flutamide 
















A 


8 ± 3.1 


1.7 * 0.6 


0.8 ± 0.2 


40.8 ± 14 


9 ± 2 


10.8 ± 2.5 


510 ± 57.9 


B 


8.7 ± 5.2 


1.8 ± 0.7 


0.7 ± 0.2 


31 ± 10 a 


6 ± 1.8* 


7.5 ± 2.9* 


455 ± 49.6 d 


C 


5.8 ± 2.7° 


1.1 ± 0.2 6 


0.6 ± 0.1* 


26.7 ± 10.7* 


5.9 ± 1.8" 


7.4 ± 1.6° 


480 ± 55.1 


Finasteride 
















A 


5.5 ± 2.4 


1.7 ± 0.2 


0.7 ± 0.2 


37.7 ± 21.1 


9 ± 2 


7.9 ± 2.1 


474 ± 63 


B 


6.5 ± 2.4 


2.0 ± 0.2* 


0.6 ± 0.2 


38.1 ± 12.1 


7 ± 1.9" 


9 ± 2.3 


469 ± 77 


C 


7.4 ± 2.4 n 


2.3 ± 0.2* 


0.5 ± o.i* 


25.3 ± 12.9 


7 ± 1.9" 


9.2 ± 2.5 


496 ± 74 


Ketoconazol 
















A 


7 ± 2 


1.6 ± 0.7 


0.7 ± 0.3 


32.1 ± 14.5 


9 ± 2 


7.5 ± 3 


500 ± 200 


B 


5 ± 3 


1.2 ± 0.2 6 


0.5 ± 0.2 


20.5 ± 8° 


7.5 ± 2.1 


4.4 ± 3.1° 


850 ± 197* 


C 


5 ± 2° 


1.2 ± 0.1* 


0.4 ± 0.1* 


20.6 ± 7.5° 


6.2 ± 1.9* 


4.4 ± 2,7° 


800 ± 255" 


EE-CPA 
















A 


5.8 ± 2.4 


1.8 ± 0.5 


0.7 ± 0.3 


35 ± 15.2 


9 ± 1.8 


9.1 ± 2.2 


518 ± 102 


B 


4.1 ± 2.0* 


1.1 ± 0.5* 


0.8 ± 0.3 


29.1 ± 15.4 


7 ± 2* 


7.1 ± 2.7* 


596 ± 80* 


C 


3.8 ± 1.7* 


1.3 ± 0.5* 


0.8 ± 0.3 


19.4 ± 6.5 fc 


6 ± 2 fc 


6.4 ± 1.8* 


626 ± 55.1 6 



A, Basal; B, 180 days; C, 360 days. See Table 1 legend. Significance is given for values within the same regimen. 
a P < 0.05 vs. basal. 

* P < 0.001 vs. basal. 
c P < 0.005 vs. basal. 
d P < 0.01 vs. basal. 

• P < 0.02 vs. basal. 



values increased progressively (+38%), but they remained 
within the normal range (20-175 mg/dL). 

Discussion 

A very long treatment period is always required to im- 
prove hirsutism and prevent or delay its relapse; the use, as 
much as possible, of low doses of antiandrogens may be a 
suitable choice in an attempt to prevent the incidence of 
side-effects and complications and to maintain treatment. 
The present study confirms the effectiveness of all four an- 
tiandrogens, flutamide, finasteride, ketoconazole, and cypro- 



terone acetate, in the treatment of hirsutism, even if given in 
very low doses; however, some differences do exist. 

Low as well as high doses of flutamide alone (4, 25) were 
effective. The hirsutism score decreased progressively 
(-55%), and the improvement of hirsutism was associated 
with a rapid decrease in hair diameter (-11% after 3 months) 
and a progressive decrease in the daily hair growth rate 
(-41% after 12 months). A net decrease in T, Tf, DHT, A, 
17-P, DHA, and DHAS plasma levels during treatment was 
observed, in agreement with some reports (26, 27) and in 
disagreement with others (1, 2, 5, 28), suggesting that the 
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FlG. 2. Mean decreases in hirsutism score, hair diameter, and hair 
growth rate detected during the different treatments. Decreases are 
expressed as percentages with respect to basal values. For score: by 
ANOVA among groups during treatment, significant differences at 
360 days (F = 3.1; P < 0.03); maximum change in the percent flut- 
amide vs. finasteride after 360 days, P < 0.05; maximum change in 
the percent EE-CPA vs. finasteride after 360 days, P < 0.01. For hair 
diameter: by ANOVA among groups during treatment, significant 
differences at 90 (F = 8.6; P < 0.001) and 180 (F = 3.1; P < 0.03) days. 
For hair growth: by ANOVA among groups during treatment, signif- 
icant differences at 90 (F = 3.1; P < 0.03), 180 (F = 5.2; P < 0.003), 
and 270 (F = 9.9; P < 0.001) days. For maximum change in percent 
flutamide vs. finasteride after 360 days, P < 0.05. 

efficacy of flutamide must be ascribed to a reduction of 
androgen synthesis and to its action on target tissues. At a 
dose of 250 mg/day flutamide, neither liver failure nor the 
side-effects generally seen with high doses (2, 4, 27, 29, 30) 
were observed. Moreover, a significant decrease in the cho- 
lesterol and triglycerides values was observed, in contrast to 
the data reported by Dodin et al (4). 

Finasteride, generally used at a dose of 5 mg/day (6-10), 
caused a significant decrease in the hirsutism score (-44%), 
hair diameter (-16%), and daily hair growth rate (-27%). In 
our experience, the results were less satisfactory than those 
reported by some (7-10), but in accordance with others (31, 
32). The administration of finasteride has been associated 
with a decrease in DHT plasma values (7, 8, 10) and an 
increase in T levels (7-10, 31); moreover, our data showed a 



decrease in DHAS levels, suggesting a slight inhibitory effect 
on adrenal steroidogenesis. Clinical parameters did not 
change, and no side-effects were reported during the ad- 
ministration of finasteride, confirming its favorable clinical 
applicability. 

Using a low dose ketoconazole treatment regimen, the 
hirsutism score improved markedly in the patients who com- 
pleted 12 months of therapy (-53%), and both hair diameter 
(-14%) and daily hair growth rate (-30%) decreased sig- 
nificantly. However, eight patients dropped out of the study 
because of side-effects and complications. We believe that 
ketoconazole should be used with caution. Our findings con- 
firm a decrease in T, Tf, A, DHT, and DHAS values and an 
increase in 17-P values, and give evidence of a strong inhi- 
bition of 17- hydroxylase, 17,20-desmolase, and 11 -hydrox- 
ylase activity (12, 33, 34). 

High EE-CPA doses are very effective (15-18, 20); in the 
present study we used very low amounts of EE and CPA, and 
we confirm their high efficacy. Hirsutism progressively im- 
proved (as much as 60% less), and hair shaft diameter de- 
creased significantly (-20%), even though the initial slowing 
of hair growth (-30% at 90 days) did not improve any further 
after the first 3 months of therapy. The beneficial effect of 
EE-CPA seems to be related to the well known peripheral 
effect and to the decrease in both ovarian and adrenal an- 
drogens as well as the increase in SHBG reached despite the 
low EE doses given. The effects of the EE-CPA on lipid 
metabolism are still being debated (35-38). Despite the low 
EE doses employed, an increase in triglycerides, which re- 
mained within the normal range, and a slight increase in total 
cholesterol were observed. The few transient side-effects re- 
ported during CPA-EE treatment did not require discon- 
tinuing the therapy. 

In correctly evaluating and comparing the results of dif- 
ferent treatments of hirsutism, we added the evaluation of 
the hair growth rate to the hirsutism score (22) and hair shaft 
diameter (31). This is a parameter whose behavior is partially 
independent of the hirsutism score and hair diameter (39), 
and this may explain the differences in the time response to 
the different therapies. 

Finasteride appears to be the drug with the slowest time 
of action; it induces the least decrease in hirsutism score of 
the four treatments. However, the drug is highly effective, as 
the hair diameter at the end of the treatment is similar to that 
found with the other therapies. It is the best tolerated, and 
this therapy is probably the most effective in treating nor- 
moandrogenic hirsutism. 

The EE-CPA combination induces the quickest reduction 
of hair growth and gives the greatest hair score decrease after 
12 months of treatment. It is the treatment of choice in ovar- 
ian and adrenal hirsutism in sexually active women, because 
of steroid suppression, contraceptive effects (40) due to go- 
nadotropin suppression, and optimal control of the men- 
strual cycle. 

Flutamide has a quick and progressive effect on all pa- 
rameters up to 12 months, very similar to the effects of 
EE-CPA and ketoconazole. The strong suppression of both 
adrenal and ovarian androgens without interference with 
gonadotropin secretion, the improved glucose tolerance (41), 
the cholesterol and triglycerides reduction, as well as the 
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TABLE 3. Side-effects, complications, and clinical changes during therapy with different treatment regimens 






Flutamide Finasteride 




EE-CPA 


Headache 


2° 


3 


2 a 


Nausea 


1 


4 




Astenia 




4 




Wt gain 6 






5 


Change of libido 






1 


Mastodinia" 






2 


Loss of scalp hair 




4 




Menstrual irregularity 




3 


2 


AST-ALT 




2 




Cholesterol (mg/dL^ 






180 ± 38 


A 


185 ± 22 


180 ± 32 


c 


165 ± 29* NS 


150 ± W 


227 ± 20* 


Triglycerides (mg/dLr 




71 ± 18 


65 ± 24 


A 


63 ± 23 


C 


49 ± 12* NS 


53 ± 1& 


106 ± 36* 


Satisfied 


3 


4 


20 


Highly satisfied 


15 10 


6 


Dissatisfied 


2 


6 




Drop out 




8 


1 



Values given are the number of subjects. A, Basal; C, 360 days. Significance is given for values within the same regimen. 
° Slight and transient. 

* Mild weight gain less than 2 kg. 

r Aspartate amino- transferase-alanine amino-transferase. 
d Mean values ± DS of all treated subjects. 

* P < 0.05 vs. basal. 
f P < 0.01 vs. basal. 

£ P < 0.001 vs. basal. 



absence of side-effects at low doses enable this drug to be 
used in a flexible way, especially for hyperandrogenism in 
nonsexually active adolescents, in obese subjects, and in pa- 
tients at cardiovascular risk. 

Ketoconazole improves all parameters of hirsutism, as do 
the other treatments; however, in view of its important and 
frequent side-effects and complications, its use should be 
discouraged. 

Finally, we emphasize that the treatment of hirsutism is 
aimed at the cause, and that each drug acts in its own way 
on anagen or telogen, hair diameter, or hair growth. How- 
ever, the drugs employed in the present report together with 
spironolactone (42), which competes at the androgen recep- 
tor level, currently constitute very satisfactory alternative 
therapeutic regimens in the treatment of hirsutism. 
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INTRODUCTION 

The human glucocorticoid receptor (hGR), 
cloned in 1985 [I], is known to be a member of 
a protein superfamily of closely related intra- 
cellular receptors (IRs) which function as 
ligand-activated transcription factors [2-4]. The 
hormone-IR complex can positively or nega- 
tively regulate the expression of gene networks 
by its interaction with specific target hormone 
response elements (HREs) within the promoters 
of controlled genes. One useful development tn 
the elucidation of the structure and function of 
the GR protein was the development of a 
^cis-trans" or co-transfection assay in which 
glucocorticoid-dependent transcriptional con- 
trol could be reconstituted in a model cell 
system [5]. This has enabled significant ad- 
vances in the understanding of the domain 
structure of the hGR and other IRs [5 -7]. In the 
"cis-trans" assay, a plasmid encoding the 
cDNA for the hGR under a constitutive pro- 
moter, e.g. the Rous sarcoma virus (RSV) long 
terminal repeat (LTR), and a second plasmid 
carrying a gene for a detectable reporter, e.g. 
firefly luctferase (LUC), under the control of a 
glucocorticoid-responsive promoter, e.g. the 
LTR of the mouse mammary tumor virus 
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(MMTV), are introduced into a neutral mam- 
malian cell background. This results in reconsti- 
tution of hormone-dependent transcriptional 
transactivation of reporter gene expression. This 
introduction of the hGR cDNA and the MMTV 
LTR-LUC can be accomplished by preparing 
suitable adenoviral vectors [9) or by transient 
transfection of two plasmids, one directing over- 
expression of hGR and the other encoding 
MMTV LTR-LUC. In addition to conferring 
on recipient CV-1 cells a functional and measur- 
able response to glucocorticoids, adenoviral 
infection or transient transfection with the 
hGR-encoding vector also confers specific bind- 
ing of tritiated dexamethasone. 

The availability of a reliable and quantitative 
iff vitro predictor of in vivo anti-inflammatory 
activity would have significant benefit. In the 
present study, we evaluate the utility of in vitro 
quantitative assessment of various glucocorti- 
coid analogues using the "cis-trans" assay and 
radioligand binding as predictors of in vivo 
activity of these compounds. The potency and 
efficacy of a panel of 21 natural and synthetic 
glucocorticoids were assessed. The functional 
agonist activity of these 21 glucocorticoids was 
determined in CV-1 cells expressing transfected 
hGR cDNA over a full range of concentrations 
(10 11 to I0~ J M). This was compared to their 
potency to displace specifically bound tritiated 
dexamethasone from cytoplasmic extracts of 
CV-1 cells expressing the hGR protein alter 
introduction of hGR cDNA. 
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EXPERIMENTAL 

Media and chemicals 

CV-1 cells were grown as a monolayer in 
Dulbecco's modified Eagle's medium (DMEM) 
containing 10% (v/v) fetal calf serum (Gibco, 
Grand Island, NY) and supplemented with 
2 mM L-glutamine (Gibco), and 55 /ig/ml gen- 
tamicin (Flow Laboratories, McLean, VA). 
Plasmids pRShGR, pGRE-LUC, and pRSV-0- 
gal have been previously described [5]. Briefly, 
pRShGR is a pBR322 derivative containing the 
hGR cDNA under control of the RSV LTR. 
pG RE-LUC contains a cDNA for LUC under 
the control of the MMTV LTR, a conditional 
promoter containing a glucocorticoid response 
element (GRE). pRSV-/7-gal contains the 
gene for E. colt /?-galactosidase under control 
of the RSV- LTR, a constitutive promoter. 
Unlabeled chemicals were obtained from Sigma 
Chemical Co. (St Louis, MO). [ 5 H]Dexa- 
methasone (approx. 40 Ci/mmol) was purchased 
from Amersham Radiochemicals (Arlington 
Heights, IL). 

Buffers and enzyme assays 

For the competitive binding assay, homogen- 
ization buffer [(10 mM Tris-HCl (pH 7.4) 1 mM 
EDTA, 1 mM phenyimethylsulfonylfluoride, 
2mM dithiothreitol, 0.25 M sucrose)] and 
gelatin phosphate buffer [0.15 M NaCl, 0.015 M 
NaN Jt 0.1 M Na 2 HPO<, 0.039 M NaH 2 P0 4 
(pH7.0), 0.1% gelatin] were utilized. 

Buffers utilized for the calcium phosphate 
mediated co-transfection assay were as de- 
scribed [8]. All cell washing steps were in 
l50mM phosphate buffered saline (PBS). Test 
ligands were prepared in DMEM containing 
10% (v/v) charcoal-absorbed fetal calf serum. 
Luciferase activity in cell extracts was assayed in 
9.7 mM MgCI 2 , 1.66 mM ATP, 0.45 sodium 
luciferin, 91 mM potassium phosphate. pH 7.8 
on a Dynatech luminometer as described [9]. 
Cell extracts were also analyzed for /?-galactosi- 
dase activity as described previously [5]. 

Preparation of cell extracts 

CV-I cells were infected with Ad/MLUC7 [9J, 
a recombinant adenovirus expressing the hGR 
cDNA, in the presence of d!309 helper virus (5 
PFU/cell) by incubating cells and viruses in 
DMEM with 10% FBS (DMEM/FBS) at 37 C. 
After a 30 min adsorption, the mixture was 
diluted 10-fold with DMEM/FBS and plated in 
15 cm culture dishes. At the end of an 18 h 




incubation at 37°C, cells were detached and 
washed with PBS by centrifugatipn at 700 £ for 
5 min. All further procedures were carried out 
at 4°C Cells were homogenized in 2 vol of 
homogenization buffer in a Teflon homogenizer 
with a motor-driven pestle at 1250 rpm. The 
homogenate was clarified by centrifugation at 
1000/f for 15 min. A soluble cytosol fraction 
was generated by centrifuging this supernatant 
fraction at 104,000 # for I h. The protein con- 
centration of the cytosol fraction was deter- 
mined by dye binding [10], using bovine 
y-globulin as standard. Cytosol fractions were 
used immediately or stored at — 70°C. 

Competitive binding assay 

Aliquots of cytosol (100 /ig protein) were 
incubated at 4°C with 2.5 nM tritiated dexa- 
methasone in the presence of incremental con- 
centrations (0-2.5 x 10~ 5 M) of unlabeled 
dexamethasone or unlabeled cold competitor 
test compounds. After a 24 h incubation period 
at 4°C, unbound steroid was removed by ad- 
dition of 2 vol of 7.5% dextran-coated charcoal 
in gelatin-phosphate buffer. The mixture was 
incubated for 10 min at 4°C and centrifuged at 
3000 £ for 10 min. The radioactivity in the 
supernatant fluid was determined by liquid scin- 
tillation counting. The non-specific binding was 
determined in the presence of unlabeled dexa- 
methasone (I0~ 5 M). All determinations were 
. performed in duplicate. 

Co-transfection assay 

Co-transfections were performed essentially 
as described [5]. Sub-confluent CV-1 cells were 
passed at 3 day intervals to maintain good 
transfection efficiency. CV-l cells were plated 
24 h prior to transfection at 70% confluency. 
The recombinant DNA constructs were transi- 
ently transfected into CV-1 cells by calcium- 
phosphate co-precipiiation [8J. Each ptasmid 
preparation used for transfection was cesium 
banded twice prior to use. Following transfec- 
tion, all subsequent steps, were performed on 
the Biomek Beckman Automated Workstation. 
Medium was removed from transfected cells 
after 6 h, cells were washed and each glucocorti- 
coid was tested at seven incremental concen- 
trations in duplicate (10 n -10- 5 M). After 38 h 
the cells were washed and lysed with 0.5% 
Triton-X 100 and assayed for luciferase and 
/J-galactosidase activities, using a luminometer 
(Dynatech) and ELISA plate reader. The EC 50 
(concentration giving 50% of maximal observed 
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&Bcacy) was determined graphically for each 
propound. 

RESULTS 

For each compound tested, a full concen- 
tration-response curve was determined in the 
co-transfection assay, using the hGR cDNA 
and an MMTV-LUC reporter in CV-1 cells as 
described (Experimental). Representative data 
are shown in Fig. 1(A). In this assay, in the 
absence of added compound, the basal LUC 
activity is essentially undetectable ( < 1 relative 
light unit, RLU). After exposure to fully effica- 
cious glucocorticoids, e.g. dexamethasone, 
greater than 600 RLUs are obtained. If a con- 
trol plasmid is substituted for that containing 
the hGR cDNA, fully efficacious concentrations 
of analogues give fewer than 5 RLUs (data not 
shown). Testing of the solvent at concentrations 
used to dissolve test substances had no effect on 
LUC activity (data not shown). When hGR is 
introduced, the concentration-response curve 
saturates, giving the maximal response above 
fully active concentrations. The transition from 
no measurable response to full response occurs 
over approximately two logs of concentration. 
Most active analogues give approximately full 
efficacy, although the partial efficacy displayed 




by fluocinolone [approx. 40%, Fig. 1(A)] was 
reproducible; fluocinolone produces no transac- 
tivation of MMTV-LUC in CV-1 in the absence 
of Introduced hGR cDNA (data not shown). 
For each analogue, an EC*, was determined 
graphically as the concentration giving 50% of 
maximal effect for that compound. The EC^ 
data are compiled in Table 1; both the absolute 
EC,© (M) and a value normalized to that of 
hydrocortisone are given. Fluocinolone is the 
most potent compound (EC^ = 1 50 pM), being 
about 200-fold more potent than hydrocorti- 
sone. The least potent compound tested with 
detectable activity was progesterone (ECso = 
2.5 fiM), almost 80-fold less potent than hydro- 
cortisone. 

Extracts of CV-1 cells infected with aden- 
ovirus engineered to encode the hGR cDNA 
were prepared as described (Experimental) and 
used to analyze the ability of the various ster- 
oids to displace 2.5 nM [ 3 H]dexamethasone. 
Representative data are shown in Fig. 1(B). 
Non-specific binding was < 2% of specific 
binding under these assay conditions [9). The 
maximal binding was > 20-fold for extracts of 
cells infected with Ad/MLUC7 compared to 
mock-infected cell extracts [9]. For compounds 
capable of competing with [ J H]dexamethasone, 
including fluocinolone, > 95% of the specific 
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Fi* 1 Concentration dependence of transactivation and radioligand displacement by selected glucocor- 
ticoid analogues ^ Representative in vitro data are shown for several of the glucorticoid analogues tested. 
Panel A de^naence^GR-mediated activation of the LUC reporter gene (ordinate) on concentrauon 
of glucocS in the culture medium (abscissa); and Panel B: concentration dependence of 

comSe dTsplacement of 2.5 nM l>Hldexamethasone from over^xpressed hGR by ^several syntheUc 
glucocorticoid analogues, expressed as percent of control binding (ordinate) as a function of added 
unlabeled competitor compound (abscissa). 




Table I. Tr»niactiv»tion and binding of glucocorticoid analogues to hOR 



Compound ^ 

Dexsmcthasone 

Plwocinolone 

Betamethasone 

Triamcinolone 

6a -Methyl prednisolone 

Fludrocortisone 



Hydrocortisone 

Corticosterone 

Aldosierone 

2l-Dco*ycortisol 

1 (-Deoxycorticosterone 

1 1'Deoxycortisol 

Progesterone 

Prednisone 

Cortisone 

Testosterone 

Dihydroteslosterone 

Estriol 

Teirahydrocortisone 

Telrahydrocorlisol 

Tel rahyd rocorticoste ro ne 

1 8- Hydroxydeoxycorticosterone 

1 8-Hydroxycorticoslcronc 
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EC, Normalized 
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5.0E-08 


1.00 
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1.47 
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binding was displaced over approximately a 
two log concentration range. Representative 
data are shown in Fig. 1(B). Table 1 gives 
graphically determined concentrations required 
to inhibit 50% of specific binding of 2.5 nM 
[ 3 H]dexamethasone (TCjo), both as absolute val- 



ues (M) and normalized to the IC* of hydrocor- 
tisone. IC50 values range over three logs, with 
fluocinolone the most potent compound and 
testosterone the least. 

A comparison of normalized potency in the 
co-transfection assay and in the competitive 
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Fie 2 Comparison of steroid binding and transactivation. Relative binding potency (ordinate) vs relative 
transactivation potency (abscissa). Compctiiive binding potency was determined for each analogue by 
measuring IC M , i.e. the concentration required to inhibit by 50% specific binding or 2.5 nM 
pHldcxamethasone to extracts of CV-I cells over-expressing hGR cDNA as described (Experimental). 
Relative binding potency was derived by normalizing these data to the IC» or hydrocortisone. 
Transactivation potency was measured Tor each analogue in the co-transfection assay using hGR cDNA 
in CV-l cells as described (Experimental). Data are expressed as EC*,, normalized to the EC» of 

hydrocortisone. 
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binding assay for the various analogues 
(Fig 2) reveals an excellent correlation between 
these two parameters. A notable exception to 
this correlation is progesterone, which is 
cquipotent with hydrocortisone in displacing 
[ 3 H]dexamethasone, but about 80-fold weaker 
as a functional agonist of the hGR in the 
co-transfection assay. 

Comparison of the biological potencies of the 
various steroids analyzed in the co-transfection 
assay in vitro compared to reported values ; of 
their in vivo anti-inflammatory potency ([It 
based on dose in milligrams necessary for equal 
efficacy) is presented graphically in Fig. 3. Very 
good agreement is noted for all compounds, 
with the exception of prednisone and cortisone, 
which are much more potent in vivo than they 
are in the in vitro co-transfection assay in CV-I 
cells. 

DISCUSSION 

The comparison of binding potency and 
transactivation agonist activity in vitro (Table 
and Fig 2) shows good correlation between the 
two for most of the 21 compounds examined. 
The partial agonist activity observed with fluo- 
cinolonc (Fig. 1) does not appear to result 
from interaction of the compound with a 



subset of the introduced hGR, since fluo- 
cinolone gives no agonist activity in CV-l cells 
in the absence of transfected hGR cDNA 
and is capable of displacing 100% of the 
specifically bound ( 3 H]dexamethasone from 
hGR-expressing CV-l cell extracts. It is possible 
that the conformation of the fluocinolone-hGR 
complex is less effective than full agonists at 
interacting with other components of the tran- 
scriptional apparatus in CV-l cells. 

The present study underscores the feasibility 
of using the "cis-trans" assay for quantitative 
evaluation of potential hGR agonist. There are 
several significant theoretical advantages of the 
% cis-trans" assay over conventional radioli- 
gand binding assays. The most significant is that 
the assay determines not only whether a com- 
pound interacts with hGR but also the func- 
tional consequences of that interaction on gene 
expression, allowing the prediction of agonist 
and antagonist pharmacological effects. The 
assay, using hGR, can be expected to be less 
susceptible to potential species-related artifacts 
and inaccurate predictions than small-animal- 
based pharmacological studies. Finally, in 
screening for novel pharmacophores which 
might act as agonists or antagonists of the 
hGR, the "cis-trans" assay can detect any 
small* molecules with functional consequences. 
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whether or not they interact with the receptor in 
the natural hormone binding site. Competitive 
radioligand displacement assays can only detect 
such compounds if their binding results in 
allosteric effects on the ligand site. 

The agreement between the relative potencies 
of the 21 analogues as activators of hGR-depcn- 
dent transcription and as competitors with 
dexamethasone binding was remarkably close 
(Tabic I and Fig. 2). There were a few com- 
pounds which showed greater ability to displace 
dexamethasone binding than ability to transac- 
tivate M MTV-LUC in CV-I cells. Progesterone 
was equipotent with hydrocortisone in binding, 
but 80-fold less potent in transactivation. These 
data suggest that progesterone binds to the 
hGR but doesn't lead to the allosteric changes 
in hGR conformation necessary for transactiva- 
tion. This failure could be at the level of 
dissociation of hGR and heat shock protein or 
at the level of interaction with the GRE. 
The data suggest that progesterone might 
antagonize glucocorticoid activation of the 

hGR. ... 

In the case of the compounds for which 
estimates of in vivo anti-inflammatory potency 
were available, there was remarkably good 
correlation with the in vitro results in the 
"cis-trans" assay (Fig. 3). This reflects the 
extent to which the model cell system mirrors 
systemic sites of in vivo action. Two notable 
exceptions to this were prednisone and corti- 
sone, both of which had low activity in the CV-l 
cell assay. Formally, this could reflect either 
catabolism to inactive derivatives by CV-I cells 
or the absence of necessary metabolic activation 
in vitro. The inactive compounds both have 
carbonyl functions at position II. In the 
"cis-trans" assay, their I l-hydroxylated ana- 
logues, prednisolone and corticosterone, were 
about two logs more potent. Prednisone and 
cortisone were also relatively ineffective in 
displacing [ 3 H]dexamethasone from hGR- 
containing extracts at 4°C in vitro, arguing 
against catabolism as the explanation of their 
lack of potency in the "cis-trans" assay. Pred- 
nisone and cortisone are known to require 
hepatic metabolic activation to prednisolone 
and corticosterone for in vivo activity [II]. This 
activating metabolic conversion apparently 
docs not occur in CV-l cells in vitro. With the 



exception of these compounds requiring 
metabolic activation, the "cls-irans" assay 
surprisingly predictive of in vivo potency. 

In the present study, close correlation wa, {V 
found in most cases between the relative poten«% 
cies of the 21 compounds in functional agonist | 
activity in vitro and in radioligand displacement. 
Furthermore, there was excellent correlation 
between in vitro data and reported in vivo anti- 
inflammatory data for these compounds. Intro- 
duction by infection or co-transfection of hGR 
cDNA and a suitable reporter into a receptor- 
deficient mammalian cell establishes a hormone- 
inducible transcription system which be utilized 
to quantitate the pharmacological efficacy and 
potency of potential ligands tor the human 
glucocorticoid receptor. 
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